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A veling & potter, L* 


RocHEsTER, KENT, 
(Branch of Agricultural & General Engineers, Ltd.) 
STEAM ROLLERS. ROAD SOCARIFIBRS, 


CONVERTIBLE TRACTION ENGINES 
AND ROLLERS. 


TRACTION ENGINES. TRACTORS, 
STEAM CULTIVATING MACHINERY, 


7667 


arrow & Co., Ltd. 


Y SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


SPEEDS UP TO 45 MILBS AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
EXcreprronaL SHaLLow Daaveurt. 


Repairs on Pacific Coast 
by YARROWS, ya Victoria, British 


7768 
SHIPBUILDERS, sur ates AND ENGINEERS. 


IR pt RA 1RLAM, MANCHESTER, 
FEED WATER HEATE 


CONDENSERS, AIR H 
Merrill’s Patent TWIN STE STRATA ERS for Pump 


SYPHONIASTBAMTRAPS 1 REDUCING VALVES 
-class GU. ‘AL STHAM FITTIN 


les Limited, 


Row’s 


CALORIFIERS, BVAFORATONS Parenrs. 


NMET 
ATER SOFTENING and FILTERING. S138 





A. (GF. MM uniord, L}4. 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY anp Wark OrFice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches, 
BOILER FREED PUMPS. 
See Advertisement, page 33, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
hinery as supplied to the 
And Auxiliary _ Seay. pp a 


John H, W iteont 0o.,14a. 


Birkenhead. 


See Hlustrated Advertisement 
Page 131, Nov. 14. 











Lvocomotive shunting Cranes 


Seeam and Hylectric 


(Nenana, 


BXCAVATORS, CRANE-NAVVIES, GRABS, 
CONORETE-MIXERS, 
SHIPS WINDLASSES, WINCHBS, and 
DBCK MACHINERY. 





6110 
Lists OF STANDARD Sizes ON APPLICATION. 





London Office 
15, VICTORIA STRERT, S.W. 1. 


(raig & Donald, Ltd., Machine 
MAKERS, Jonnstone, near Glasgow. 


For class of Machine Tools see our Illustrated 
Advertisement every alternate week. 1358 


CHANTIERS & ATELIEES 


A tsustin - Normand 


61, rue de Perrey—LE HAVRE 
(France). 








— 3890 
io Boats, Yachts and Fast Boats, 
ne and Submersible Boats. 
NORMAND’S Patent Water-tuwhe Bollers, “1 or Ol! 
Diesel Oi] Engines 


Heating. 
lectric ifts 
E we soe tomes Ld on 


8. H. HEYWOOD & 00., LTD., 
a REDDISH. 


Gteam Hammers (with or 


Fn; Hand-worked or ——- 
TOOLS for SHIPBUILDERS & BOI 


7 
DA VIS & PRIMROSE, Loaren, Letra, Epinsures. 


Bprtts Patent [ tter Oe. 
= Presses, Furnaces, 
COVENTRY 610 


Bere Dorling & Co., Ltd., 
DFORD. 
HIGH-CLASS RNGINES POH ALL PURPOSES. 
also WINDING, E HAULING AIR COMPRESSING 

and PUMPING ENGINES, 1896 


Destroyers, T 
Su 

















‘‘ranes.—Electric, Steam, 
; REDBAT LIC and HAND, 


and sizes. 
GEORGE SUSE ELE &0C0O.,Lrp., 
Motherwell, near Glasgow. 








DOLPHIN FOUNDRY, LEEDS. 4647 


°¥f achts, Launches or Barges 


Built complete with Steam, Oil or Petrol 
Od 3551 








(ampbells & Her L4 [tubes and ittings, 
SPBOLALISTS IN Gtewarts and [Lovd's, Lé 
Drillers & Boring Machinery] suoup sunt Unswinih bistrixonax 
for Engine Works and Boiler Shops. SS Fring oe PBR 


LONDON WA WARBHOUSIGT uen Tuames Sr, B.0. 
LIVERPOOL, | WAREH 

CARDI 
ye ron 


EHOUS P. 
ER ARBROUGE.68, P 
FF LA gti ot Bure Sr. 

UsEs— Niue StTkeer, 


ARADISE ST. 
DEANSGATE. 


























Motors ; or Machinery supplied. eure ae y= vie. CoLEsHILL STREET 
VOSPER & OO., Lrp., Broap Street, P yUTH. - Aavertisement’ page 28. c Tae 
hr MULTITUBULAR AND 1e6 inished © astings|, 
(rr an OROSS-TUBE TYPES. cusare rapid produ wien 8 and reduce 
Bu ers. rite foriluatetione to Axautons LD. } ~——; 
See page 17, Nov. 21. London, N,1} 
Hy lectric (iranes. Metallic, Hore - \overing 
ann. m6a) al Be cai aneuan a eeneek te 
a essures an: 
‘8. aan” iD. Gouk.aunstone tea Edmonton, : aon. N. ¥ ie 
FOS : icrometers 
rop or g ings FROM 
rite 
GARTSHEREIE BNGINBRRING & FORGE 00., Stock, 
50, Wellington Street, Glasgow. 7898 THE 
e parators ewall Pyxsincering Co. 
EXHAUST STBAM (Proprietors, “Feter Hooker, Ltd.) 
TURBINES COM Lonpon, 7824 
PRESSED AIR, &c. = 
STRAM DRYBRS, ocomotive r\raversers 
METALLIC PACKINGS, (BLEOTRIO). 4 
rinceps & Co _ 
er ” 8686 S. H. HEYWOOD & OO., LTD., 
FFIELD. REDDISH. 








ank Secruatiiis 
Specification and bed me were ad equal to 


Main Line Locomot 


R. & W. HAWTHORN, LESLIE 4 & 0O., Lrp., 
BNGINEERS, NEWCASTLE-ON-TYNE. 1 





Hyzcavators. 


FROM 50 TO 600 YARDS PER HOUR. 


GOLD MHDAL-inverrions Bxnrsirion-AwaRDED. 


Ducks: s Patent Suspended 
WRIGHING MACHINES.— T FERRY 
ROAD ENGINEERING WORKS COMPANY, Lev. 
Lonpon, B.—Hydraulic Cranes, Grain Blevators, &c, 

See Illus. Advt. last week, page 15. 71977 


Rubber 





MANUFACTURERS 








“ Qpencer- L{ opwood ° Patent 
Sole Makers; Boilers. 
w. teeta! & OO., + Herts. 


See page 15, Nov, 21, 
“A ptol” Os 
Economy. 


1454 





MEAN 7184 


—_ 


Henry Wells Oil Co., 


1), Haymarket, LONDON, 8.W. 1. 





Iron and Steel 


[[iubes- and ae. 
The Scottish “Lube Co., Lid. 


Heap Orrice: 34, Robertson Street, Glasgow. 





W tliloes Stest Tahoe 
‘RMT BASE 


Shafti 





een 





See Advertisement page 105. 


. ** Redstone ” 
D W hi taker Packings ‘* Bluestone” 
> 
. 7985 
1, Union STREET, GUTTA PERCHA & RUBBER, LIMITED, 
LEICESTER. Toronto . - Oanada. 1535 
ABRIAL ROPEWAYS, CABLEWAYS, CRANBS, See 8 ny i, ay O % EB) ector. 
teel astings. Great saving of labour. No noise. = yevtrg No 
vrote wit | Fd. THAWANT § BROCEOM Las Rava wa 
ava 
B08 ee SU ERBOM 2 OD. kucescen” | teste and Surveyors, @B, Biliiter Bldgs. Biititer Bt, 


London, B 


arrow Patent 
ater-Tube Boers. 
UNDERTAKE the 


YARROW & 

PRESSING and MACHINING of the various 

of Yarrow Boilers, such as the Steam 

Aree ath and Le yarons for ogg ~~ 
© necessary 

YARROW ’: G0. Lee. Lep., Scorstoux, GLAseow. 


ohn liam imited, 
J AF ae 
Genera ConsTRUCTIONAL Bwe@inerne, 1216 


Boilers,Tanks & Mooring B Buoys 


| a . Perna. . 
bona or Yanan 
ia ge Rs Srrotat i sesraaie Repams 








RAILWAY AND TEAR 


H= Nelson & Ce L@ 


Tar Giaseow Reggae Seton Ane Pha ee 


He4 Wriehtson & (Cs. 
LIMITED. 


See Advertisement page 91, Nov, 21. 


| ff atthew pal & 0». Le 




















Levenrorp Works, 7680 
yemrom» Woars, Dumbarto “4% 4 
['sylor & (jhelien 
P resses. 
8195 
TAYLOR& CHALLEN, Lp.,Hngt Bm ‘a 
See Full Page Advertisement, Noy. 14. 
Gteel (isstings. 
THOMAS SUMMERSON & SONS, Lap., 
DARLINGTON. 190 
Hilectric r[tansporters, 
8. H. HEYWOOD 2 00.,LTD., 82 
REDDISH. 





W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 


P & 
; MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGHS,ROOFING,&¢, 
Chief Offices: 129, Trongate, Guaseow. Od 8547 


Od 4838 Registered Offices: 1084, Oannon St., London, BO, 





Diese esel Driven Generators, 

Kw., 600 or 250 Volts, 330 
R.P.M., in "in. tooth condition, Low price. Also 
several 170 Kw, Belliss and Moreom-Siemens 
Generating Sets, 230 Volts, D.C., and Parsons 
Turbines Kw., 230 Volts, D.C, “complete with 
pan ranges Engines and Dynamos could be sold 


. 
“MoT TORS from 5-100 HP., 220-260 Volts. 
JEN NINGS, 

“a i Neweastlo-on- -Tyne. 

ar. 

RAILWAY CARMIAGH ; WAGON. & TRAMWAY 

HEELS & AXL’ 
CARRIAGE & WAGON TRON WORKS, also 

CAST-STEEL AXLE BO 7312 


.| “SONDELA.” P.O. BOX 559, 


Ri arker, 


> 
M.1.Mech.B., M.A.1.M.H., 








Tel 


A tuminium 
riving 
Pulleys 
[ ensthen 
Lj of 
el 
See Pulleys Leaflet il m 


an PR cnn bm ng gg pe oo, 
09, Queen Victoria St., London, BO. 4 








CONSULTING. ENGINEER, 8088 
Pretoria, §.A. 
Mechanicel. 
Industrial. 
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Eee 





QUICK 
DELIVERY, 
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ENGINEERING. 











he National Foremen’s 
ASSOCIATION or THE 
ENGINEERING ASD ALLIED TRADES. 
(Registered under the Trade Union Act.) 


An Association specially formed to look after the 
intereste of Foremen on thelr their Supervisory rose. 


All communications —. Head Offices— 
H. W. RID, 81, High Holborn 
General Secretary. London, W.C.1, 
IN PARLIAMENT—SESSION 1920. 


Civil Engineers(Registration) 





Hxtension of Charters and powers and 
objects of Institution of Civil Engineers: Ke 
tration of Civil Bogineers : Rights to, Quali: 
tions for, and Tribunal to determine certain 
claims to stration. Examinations: Regis- 
tration and examination fees: Bn and 
removal of names on and from and correetion 
of register: Publication of register and copies 
evidence in certain cases : Attempts to register 
falsely: Prohibition of use of name title &c. of 
civil engineer and giving of certificates and 
recovery of charges by unregistered persons: 
Repeal and Poms dn | of Charters Acts &c. 


Notice is hereby given that application is intended 
to be made to Parliament in the ensuing Session by 
the Institution of Civil Bagineers (hereinafter called 
“ the Institution ”) for an ACT for the fullowing or 
some of the following purposes (that is to say) :— 


1. To amend the Royal Charter or Letters Patent 
of the Institutien dated the 3rd day of June in the 
ear 9 Geo. IV. and the Supplemental Charters or 
ters Patent dated the 3rd day of August 1889 
and the 2uth day of March 1896 and to confer further 
powers on the Institution. 


2. To empower the Institution or the Council of 
the Institution (hereinafter called *‘ the Council” 
to estabiish and keep and revise a register of civi 
engineers, to prescribe or make —— as to the 
persons who shall be entitled to be in 
such register and to enable the Institution or the 
Council to preseribe the qualifications and to hold 
examinations for the purpose of enabling persons to 
qualify for registration, 


8. To make provision for the admission to the 
register of persons having such quatifications as tne 
Institution or the Council shall from time to time 
declare or as the intended Act may prescribe or 
provide for and also for the admission thereto of 
other persous o certain other persons who at such 
date and for such period or at such date or for such 
period as may be ribed or provided for by or 
under the intended Act may be or have been a 
tising or engaged in the profession of civil caginesr 
or as civil engineering assistants or otherwise or in 
either or both of such manners or for the admission 
to the register of such other persons as may be 
specified or provided for by or under the intended 
Act, to make provision for the refueal of admission 
to the register and the removal of names therefrom 
in certain cases, 


4. To and establish a tribunal or body 
for the purpose of hearing and determining claims 
byw some or any of the before-mentioned persons for 

jssion to the register and if thought fit for 
other purposes of the intended Act and to declare 
ed vide for the nomination or appointment of 
rs of such tribunal their powers rights 
duties clerks servants, exp and 

5. To provide for the proper keepin of the said 
register, the cent amendment, and removal of 
names and qualifications and other particulars 
thereon, to provide for or require publication of the 
register or copies thereof, and to make the same 
when duly published or certified as the —— 
Act may require or provide for evidence of regis- 
tration or non-registeation of any person under the 
intended Act and of all or any other particulars 
appearing in such register or copies. 


6. To enable the com goa to provide for the 
»- intment or remo a registrar and other 

cers and servants for and to make any other 

conventems prevision for carrying out the purposes 
of the intended Act and to provide for the evst and 
expense of carrying out the same, und the re- 
muneration, salaries or other benefits of wuch officers 
and servants. 


7. To provide for the payment of fees in pocueet 
of any such examinations or such registration, to 
Prohibit subject to penalties the obtaining or 
attempting to obtain registration by false or frau- 
dulent representation, to ibit mA limit the use 
of the name or title of civ wy yd persons not 
registered under the intended 
name title addition or descri ng 
any such persons are so prohibit 

persons practising or bans oa 
ao unregistered — and to bit or 
limit the giving of certificates required to be given 
by civil engineers or the recovery 6f fees for pro- 
fessional services in civil engineering by 
not so registered 


8. To extend the powers of the Institution under 
the before mentioned Charters or any of them, to 
make bye-laws and regul and to empower the 
Institution to make bye-laws and pad ~ ena for 
the pur or for the better carrying into effect 
of the chjests of the intended Act. 


2. — copes veny vary extend or omens all or any 
righ vileges powers pro’ mitations or 
po a conferred by or contained in the before 
mentioned Charters and any Act directly or in- 
directly relating to or affecting the Institution and 
all tvileges powers provisions limita- 
as would or might in any wa 
interfere with the objects of the intended Act ana | Mein 
to confer other rights and privileges. 


Printed copies of the intended Act will on or 
before the 17th day of December next be deposited 
in the Private Bill Office of the House of Commons. 


Dated thie 18th day of November 1919. 
HARGROVE & CO 16 Victoria Street West- 
tainster Solicitors 


ORO, $200 teeter 


rere 








eeaese of any 
ion im 





| 





— 
IN THE MATTER OF 
J. W. BROOKE & ©O., LTD. 


MATTER OF 
THE COMPANIES’ (CONSOLIDATION) 
ACT, 1906. 


otice is Hereby Given 


of 

October, 1919, preseated to His Majesty's High | ay 
Court of Justice by the above-named Company to 
confirm an alteration of the said Uompany’s objects 
eff a Special Kesolution of 

at an Kxtra- 

¢ said Company held 

on the 30th day of July, 19)9, and su uently 
unasimously confirmed at an Extrao: eneral 
Meeting of said Company held on the 15th day of 
August, 1919, and which resolution runs as 


follows :— 
RESOLUTION. 
‘That the visions of Clause 3 of the Memo- 
“randum of Association of the Company with 
“respect to the objects of the Company be 
“‘alvered by inserting immediately atver Sub- 
**Clause (d) of that clause the Sub-Ciauses 
* following tbat is to say :— 
“ (d.1.)—To carry on business as builders and 
ee pan of ships, trawlers, tugs, lighters, 
“ barges, motor boats and other vessels ot every 
“description and of their engines, ery, 
‘tackle and equipment, and to purchase, bire, 
‘*charter, or otherwiee acquire, sell, let out on 
“hire or charter or otherwise deal with or 
of any such ships or vessels as afore- 
or any share or shares therein 
**(d4,2.)—To ang a on business as ship \Sehvert and 
“shippers, tu barge owners, termen, 
” pre + na Big » Ha wl by land and water, for- 
“ warding agents, w ngers, shipping agents, 
“‘ship brokers, vers, dockowners and ware- 
** housemen. 
**(4.3.)—To purchase, take on lease or otherwise 
* acqui re, build, —_— and maintain any 
“* docks, wharves, slips, piers, plant, machinery 
“and other works and conveniences for the 
“* building or repair of ships and other vessels. 
**(d.4.)—To on mess as owners of 
** trawlers, smacks and other fishing boats, deep 
“sea fishers, fishers, fish salesmen, ice manu- 
“ facturers and cold storage proprietors.” 

And Notice - further given that the said Petition 
is directed be heard before the HonBLE. 
Mr. Justice } on Fray the 19th day of 
DECEMBER, 1919, and any person interested in the 
said Company, whether as Creditor or otherwise, 
destrous to op; the making of an Order for the 
confirmation of the said alterations under the above 
Act should ap at the time of hearing by himself 
or his Counsel for the pu - veh a copy of the 
said Petition will be furnished to any such person 
requiriog the same by the Comannta Solicitors, 
Messrs, BLytH & Hornor, of 11, Pods a King Street, 
in the City ong Count; we of az h, or by their 
London Agents, ARRY, SHERLOCK & Kina, 
of 17 Serjeants’ non Fleet Street, in the City of 
ae on payment of the regulated charge for the 


* Dated the 24th day of November, 1919. 
TARRY, SHERLOCK & KING, 
17, Serjeant’ Inn, Fleet Street, 
London, B.C. 4. 
Agents for 


BLYTH & HORNOR, 
11, Upper King Street, 


orwich, 
Solicitors forthe Company. B33 


[= C.E. Exams.—Over 300 


Xa —y, Go con pennenen. Coaching. Several 


Desi, 8 
Reations Px) es A few ee oy = 
Offices of ENGINEERING, 


((Yorrespondence Courses for 
B.Sc., Inst.C.B., I.Mech.B., Anu TECHNI: AL 
Bxams. Special Courses and ‘Bingle Subjects. 
Fees moderate.—For full rticulars apply to 
Mr. TREVOR W. PHILLIPS, B.Sc. Honours 
te fix A.M.1.C.B., &c., 8-10, Trafford Chambers, 

uth John Street, "Liverpool. 8071 








a 
INDIA OFFICE, W $.W. 1, 
» 1919. 
THE SBCRBTARY oF ae Neves ‘OR INDIA In 
is prepared to 


aaaTc2: cadeta feast such 
be willing to SUPPLY 
ROAD ‘D. BRIDGES (100, 80, and 60 feet 
spans. 
*PThe Conditions of Contract may be obtained on 
ication to the Director-Generel of Stores, India 
Lo Whitehall; SW. 1, and Tenders are to be 
delivered at that Office two o'clock p.m, on 
Tuesday, 9th pape ee 1919, after which time no 
Tender will be recei 
ag H, H COLLIER, B 
Director-General of Stores. 
ov CITY OF BELFAST. 


BLMCTRIOITY DE DEPARTMENT. 


The Corporation Invite 
enders for the Manvfacture, 





DELIVERY and ERECTION at the NEW | i 


HARBOUR POWER STATION, BELFAST, of 
STEAM, WATER, OTHBE PIPBWORK, 
ander SHOTION “J.” 

The 8 ions and other particulars may be 
obtained on te oe either to Messrs. Preece, 
Cardew, Snell & Rider, 8, Queen Anne's Gate, 
Westminster, 8.W. 1, or to Mr, T. loxam, 
M.1.E.K., City Electrical Engineer, Belfast. 

Te nders, upon the presented forms, must be 
lodged in the Town Clerk’s Office, City Hall, 
— ast, not later than Monday, 22nd December, 
lvl 

The lowest or any tender will not necessarily be 


ae official receipt must be obtained for every 
Tender delivered by hand. Tenders sent by post 


must be registered. 
, R, MEYER, B 951 
______Town Clerk, = __ 
THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 


The Directors are pre; 


[lenders for the Supply ‘af the 


following STORES, » namely — 








MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BO.) 
( AND . SEcrioy). 


FOR SALE BY PUL PUBLIC TENDER 


Laing pan ane Go ice 
PRiaed JWelrodhamnaines. ea 


nders are Invited for the 
allowing:— 
Three Lincoln iting Machines. 
One No, & Fellows Gear Shape 
Two Taft Pierce Universal ¢ Grinders, 10in. by 
Feur Straight bed 8.8. and §.0, Lathes, 9 in. to 
12 in. centres, 
Two No. 9 Herbert Combination Turret Lathes. 
Five 1 in. Herbert Capstan. 
One Van Norman Universal Miller. 
sae Burton Griffiths Plain Miller by Gooley and 
Two 8 in. by 5 ft. straight bed S.S. and S.C. 


Two Milwaukie Vertical Millers, size 14 B. 
Three Landis Plain Grinders, 12 in. by 36 in. 
One Internal Cylinder Grinder by Atkins, Peter- 


h. 

Gee Arch hdale Thread Miller, 9 in. centre. 

One No, 1 Slot Driller by Richards & Co. 

Four Warner & Swasey No. 4 ingame Turret 
Screw Machines, capacity pote: 

One 3 ft. - in. renttyren, | ial Drill by Asquith. 

One in. centre by 5 ft. Relieving Lathe by 
Smith & Coventry. 

One Buckton 60 ton Vertical Single Lever Testing 


Machine. 
Two No. 133 Garvin Plain Millin 
Three “ ad Cable “” Lathes, 
2 ft. 8 in. be 


Machines. 
in. centres by 


Two 8 ft. ° ‘in. Elevatin, Asquith Radial Drills. 
Permits to view and all further information, can 
be obtained from the CONTROLLER, D.B.1.c., 





ee for § 
Locks, etc. 
Stationery, etc. 
— Sheets, Copper Tubes, etc. 
Pig Iron 
Specifications and Forms of Tender may be 
obtained at this Office on payment of the fee for 
the Specification, which payment will not be 
returned. 
The fee should accompany any li 


VY 


+4, 


yn by 


coasting Cross Embankment Buildings, London, 


a to be lodged by 10 a.m., December 5th. 
— For particulars of ‘other Gov ernment 
aR for Sale, see Surplus, price 3d., at all Book- 
stal or by quarterly subscription of 2s. it free, 
Arima yable in advance, to the Director of Publicity, 
5 id of Munitions, Whicehall Place, London, 
B 576 





it. 

Tenders must be delivered in separate envelo 
sealed and addressed to the undersigned, marked 
“Tender for Locks, etc.,” or as the case may be, not 
later than Eleven o'clock a.m., on Tuesday, the 
%h December, 1919. 

The Directors do not bind themselves to accept 
the lowest or any *— 

. H. WALPOLE, Secretary. 

Cempany’s Offices 

48, Copthall . Avenue, E.C. 
London, 26th November, 1919 B 980 
THURROCK, GRAYS AND siLBURE 
JOINT ‘SEWERAGE BOARD 


MAIN DRAINAGE ¢ CONTRACT No. 3. 
TO OIL EBNGINE MAKERS. 
The Thurrock Grays and Tilbury Joint Sewerage 
Board invite 





Wenders for the Construction, 
delivery and erection of two sets of CRUDE 
OLL_ BNGINES, three sets of “ Stereophagus” 
PUMPS. OVERHEAD CRANEand other Machinery 
in accordance with drawings and specification, 
copies of which may be obtained at the offices of tbe 
gee Messrs. JOHN TAYLOR & SONS, 
, Victoria Street, Westminster, S.W.1. These 
its will only be issued to bona fide makers 





]2*- C.E., I. Mech. E., B.Sce., 


out oll all neering Bxaminations.—Mr. G. P. 
KNOW: B. Assoc. M. Inst. C.H., F.S8.I., 
M.R.San. im "PREPARBS CANDIDATES personally 
or 7. correspondence. Hundreds of su 

commause at any time.—39, Victoria 
oe . Westm neter, S 8072 


MICE. aaa A.M.I.M.E. 


re Tuition: Alse Festal Courses in Mechanica 


PunninGhons see 264, Oxford paises nook. Moke 








TENDERS. 


THE COMMISSIONERS 
HIS MAJESTY’S meg a Fey 


Tenders | before 11 am 


on Fripay, the 5th Dacuuben, 

1919, addressed to the SECRETARY, 
H.M. Offiee a — Vag Storey’s Gate, 
Westminster, 5.W. for the supply 
or STHAM TUBES and FITTINGS (during a period 
of from six or twelve months from date of accept- 
ance of ree. 

Forms of Tender, etc., 

ounce to the CONTROLLER © OF SUPPLIES, 
Office of bee See Charles Street, 

° : B se 





OF 
C.. are prepared 


Westminster, London 
TO MARINE ENGINEERS AND OTHERS. 
THE METROPOLITAN | ASYLUMS BOARD 


Se 
BOILBE, and A ‘YY MACHINERY of the 
River Ambulance Steamer “‘ WHITE CROSS,” now 
lying at South Wharf, none - E., in accord- 
ance with s specification Eg Mr. T. Coo 
M.Inst.C.B., aoe ee in-Ohief, e 
orm of "Tender may be ins 
othe Office of the Board, Embankment, E.C. 4, on 
and after 10 a.m. on 6th’ December, 1919, aed ‘the 
eT ae and = of Tender can then be 





T 
parate ‘lenders for Opening 


WS ay aed UP the 


Board later 
th December, 1919. 


ria cous MANN, 
Clerk to 


2th November, 1919. the Board. 
B 921 





of Oil Engines, 

Sealed Tenders endorsed Grays Drainage Contract 
No. 3, addressed to the Engineers, are to be 
delivered at their office on or before Ten a.m. on 
at 15th December, 1919. 

does not bind itself to accept the 
lowest or any Tender. 
Order, 
CHAS. ASPLIN, 
Clerk to the Board. 


High Street, 
Grays, Essex. B 995 





APPOINTMENTS OPEN. 


A Large Firm of Engineers 

in the Midlands have an OPBNING for a 

YOUTH of education as premium pupil, the 

sv rae te include both works and drawing office.— 
, Offices of EnGrvernive. 


{ Ty niversity of . Bristol— 
See IN ENGINEERING. £300— 
Fer particulars and form of application 

oo at once stamped, addressed foelscap envelope 
to the REGISTRAR of the Merchant Venturers’ 
Technieal College. B 728 


BLACKBURN MUNICIPAL TECHNICAL 
SCHUOL, 











R. H. PICKARD, D.Sc., F.K.S. 


Principal : 
A Lecturer in Mechanical and 

Electrical Engineering is REQUIRED ‘in 
January next, commencing salary £300 per annum. 
This is a permanent appointment, of which further 
= can be obtained on application to the 


rincipal 
A. H. WHIPPLB, M.A., B.Sc., 
Director of Education. 


B 945 


BRADFORD BDUCATION 
COMMITTER, 





OITY OF 


BRADFORD TECHNICAL COLLEGE. 


pplications ar are Invited for 
PP ition of WORKSHOP SUPERINTEN- 
DENT in the Engineering Department. Candidates 
m ust have 4. a good generai education, technical 





SiAmoweay. AND CARMARTHENSHIRE 
OUNTY COUNCILS. 


PROPOSED NEW ROAD BRIDGE AT LOUGHOR 


TO BUILDERS AND CONTRACTORS. 
The Joint Committee of the above County Councils 
Invite 


enders for the Provision, 
RECTION, and COMPLETION of a 
REINFORCED CONCRETE BRIDGE (Hennebique 
System), to carry the Swansea and Lianelly Main 
Road over the River nt Brag at Loughor, th sub- 


stitution for the ent e. 
eeteniien can be 


Copies of the Drawi: 
seen and Bill of Quantii obtained, at the Offices 
Surveyor, County Hall, 


of the Glamor; ees | - ca 
at Messrs. ouchel 


Cathays Park, Cardiff, an: 
and Partners’ office, 36-38, Victoria Stress Westmin- 
, On and after Saturday, 





d to pay their workmen 
the em oe rates of wages iy to observe the 
recognised hours of how, "and must 
evidence of being insured against liability 
accidents to workmen. 

Sesled Tenders (containing the names and 
addresses of two substantial sureties or a eatisfactory 
Guarantee Society in lieu Sheesed. marked en the 
outside “‘ Tender for Lo Bridge,” addressed to 
the “Chairman of the Joint Committee,” are to be 
a at my office not later than 8th December, 


“The Joint Committee does not bind itself to 
—— the lowest or any of the Tenders that may be 
By direction of rs Joint Committee. 
T. MANSEL F. 


RANKLEN 
Clerk of the Glamorgan County Couneil. 
Glam: County Hall, 


1&th November, 1919, 


uce 
for 





iderable practical experience in 
nosenee baw A work. 
Further information may be obtained on appli- 
cation to the PRINCIPAL. 
By Order. a 


 BATTERSHA Bou YTBOCHNIC. 
8.W.1) W.1 
A: Lecturer is Required to 

give a short course of Lectures on “ Business 
Organization,” with special reference to the Engi- 
neering snd emical Industries. Candidates 
mer ceaeienanedes _ addressed lope 

uu send stam enve 

to the SECRETARY. = B 693 


LONDON COUNTY COUNCIL. 


[there is a Vacancy for 


WHOLE-TIME INSTRUCTOR IN ENGI- 
NBERING at the L.0,0. Hackney Institute. Can- 
didates should possess a good honours University 
degree or its equivalent, but the qualifications wi!!! 
not be insisted upon in the case of persons othe'- 
wise exceptionally qualified. The person appointed 
Will be op uired to teach Applied Mechanics, Engi- 
neering, Drawing and Technical Mathematics. 
—— experience is essential, and some experience 
in teaching desirable. Comm salary £225 to 
£315, according to qualifications and experience, 

by — a ie! £15 to £330 a year 

ete ny of £1 2440. 

A will be given to persons who lave 

served ae eanneeyeen to serve with the Forces of the 
~ 


be obtained from the 


ATION OFFICER. Education Offices, 
Embankment, a, a tamped addressed 


foolsca: velope necessary). Form must be re- 
turned by lla.m. emeocsaty), OF 1919. Canvassing 
turned by 1 


JAMES BIRD, 
__ Clerk of the Londoa County Sage OM 
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ED 
Victoria 
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12-IN. GUN MOUNTINGS ON H.M.S. 
“ AGINCOURT.” 


In the different navies of the world different 
methods are adopted for the working of big-gun 
mountings. One method is that favoured by the 
United States naval authorities, which relies mainly 
upon the human element and employs only the 
minimum number of mechanical devices. Another, 
which is to a large extent that favoured in the 
British Navy, is to employ mechanical devices 
wherever possible and economise the human element. 
The first method, while providing less mechanical 
parts to go wrong, entails the use of very large gun 
crews, and it is a question whether there is not a 
greater liability to accident owing to the failure of 
the human element in the stress of an action, for 
whatever may be the defects of the mechanical 
devices used in the second method they certainly 
possess no nerves. The employment of man-power 
in preference to mechanical devices means also a 
slower rate of fire, and when one considers that 
the effect of a direct hit by a salvo of heavy shells 
is the almost certain destruction of the most 
powerful battleship, it would seem that rapidity 
of fire is an all-important aim, as the getting off 
of a salvo a few seconds sooner may make all the 
difference between the winning and the losing of 
a decisive action. 

In the design of the mountings, which we illustrate 
on Plate XLIII, and on pages 704, 705, and 720, as 
designed and manufactured by Sir W. G. Armstrong, 
Whitworth and Co., Limited, Elswick, for the ship 
now named H.M.S. Agincourt, the second method 
mentioned above has been favoured, and many 
improvem2nts have been introduced, special atten- 
tion having been devoted to making the mecha- 
nical devices employed as simple and reliable 
as possible, with the result that a mounting has 
been produced in which increased rapidity of 
working has been combined with economy of men 
and simplicity of operation. With previous 12-in. 
or 13-5-in. mountings it requires a very well-drilled 
crew to load a gun in 30 seconds, and this speed 
of working can hardly ever be maintained. With 
the present mounting, however, there is no difficulty 
in loading the gun in 20 seconds; indeed, during 
a trial of endurance the loading operations were 
gone through 200 times with a resultant average 
of 19 seconds. The main feature of the mounting 
is that one lever works all the machinery in the 
gun-house and thus replaces four levers, and this 
is illustrated in the plan, Fig. 7, on page 705, and 
in the four perspective views (Figs. 8 to 11), on 
page 720. This method is also followed in the 
working chamber, where one lever replaces two. 

The mounting is constructed to take two guns, 
and may be divided into the following main 
portions: (1) The turntable shown on the draw- 
ings reproduced in Figs. 1 to 3; (2) the armour; 
(3) the working chamber ; (4) the trunk. 

The turntable may be described as a circular plat- 
form which carries the mountings for the two guns, 
together with the armoured shield, and from which 
depends a trunk, the latter (see Figs. 1 and 2) ex- 
tending downwards to the magazine and shell-room. 
The whole is mounted so as to be capable of rotation, 
to which end the underside of the turntable has 
fastened to it a circular roller path of steel, 
accurately machined to suit a ring of conical steel 
rollers. These rollers run upon what is called 
the lower roller path (also of steel), this lower 
roller path being carried by a suitable circular- 
shaped support, formed in the ship’s structure. 

The rollers are flanged and are kept apart from 
one another, and in a true radial position by means 
of a “live roller ring.” Strong clips are provided 
which take under the edge of the structure supporting 
the lower roller path. These serve to prevent the 
mounting from rising when the guns are fired. The 
turntable is a braced circular structure in plate 
and angle work, and has a main centre and two 
side girders suitably braced together. These 
three girders form the supports for the slides, on 
which the guns recoil in their carriages, and for 
this purpose are fitted with trunnions, on which 
the slides are hung so as to be capable of movement 
in @ vertical plane. Elevation is effected by an 
hydraulic cylinder below each slide. The horizontal 





movement of the turntable is effected by means; 


of a circular rack, which is attached to the fixed 
structure, and into which is geared a pinion seen in 
Fig. 2.. The shaft of this pinion is carried in 
bearings attached to the structure of the working 
chamber, the pinion itself being driven by a 
hydraulic swash plate training motor through a 
worm and worm wheel, as shown. 

The working chamber is a light circular com- 
partment high enough for men to walk about in, 
and its main function is to afford a space where the 
shell and cordite may conveniently be transferred 
from the central to the gun-loading hoist. The 
curved guides for the cage of the gun-loading hoists 
are built on to either side of the centre girders of 
the turntable, and extend downwards to the floor 
of the working chamber. The guides for the central 
hoist cages are straight and are built into the trunk. 

The ammunition trunk (see Figs. 1 and 2) is 
attached to the working chamber and revolves con- 
centrically to the roller path. Its main purpose is 
to carry the cage guide rails for the transport of the 
ammunition from the shell-room and magazine to 
the working chamber. At the foot of the trunk a 
bearing is provided for a centre pivot, which serves 
to guide the mounting at the bottom end, the 
rollers and roller path guiding the top portion. 

Through this centre pivot, which is hollow, are 
introduced the electric cables and the air for charg- 
ing the air reservoirs for supplying the air blast to 
the guns. Suitable walking pipes provide the 
means of getting the pressure from the fixed ship’s 
structure to the moving trunk. The revolving trunk 
passes through a circular fixed trunk, extending 
through the decks. This fixed trunk strengthens 
the ship’s structure and is made watertight. 

The armour is in four parts—a front plate, 12 in. 
thick, two side plates, 8 in. thick, and a rear plate, 
8 in. thick—all of K.C. armour. In addition to 
this the roof, consisting of four pieces of K.N.C. 
armour, is 3 in. thick at the sides and 2 in. 
thick in the middle. It is supported by being let 
into the main armour, but, in addition, there is a 
girder extending from the front to the rear of the 
shield, and eight supporting pillars, of steel, 6 in. 
in diameter, with forged feet and caps, arranged 
to strengthen the joints of the roof plates, the two 
middle rows of three pillars each being carried on 
the centre girder, and the two side pillars being 
carried on the two side girders of the turntable. 
Three sighting hoods (see Figs. 1 and 2) are pro- 
vided, and one access hole, the latter affording 
access to the turret. 

We will now briefly describe the method of 
working the guns. Dealing with the supply of 
ammunition we will suppose one of the central hoist 
cages to be at the bottom of the trunk. These 
cages are provided with means for securing the 
proper relative positions of the projectile and charge. 
At the bottom of the hoist the projectile receptacle 
has to be some 6 ft. or 8 ft. below the receptacle 
for the charges, in order that the former may be 
conveniently loaded from the shell-room and the 
latter from the magazine handing room, but when 
the central cage is ‘‘up”’ the receptacles must be 
close together. The lower section, which takes the 
shell, is connected to the upper section which takes 
the cordite by means of a wire rope, one end of 
which is fixed, to the lower section, the rope passing 
alternately over sheaves on the two sections and 
finally to a fixed end at the bottom of the truck. 
When the upper section is raised by the hoist 
cylinder the rope over the sheaves acts as a purchase, 
and draws the two sections together as they ascend 
the hoist. When the sections arrive in the working 
chamber they have been drawn into the required 
position to discharge the projectile and charge 
into the waiting trays in the working chamber. 
The cage is loaded with four quarter charges from 
the magazine and a shell from the shell-room by 
means of the combined tray and door in the shell- 
room and magazine handing room. This fitting 
consists of a door with a curved tray pivoted on 
brackets fixed at each side of an opening in the 
trunk. When.in position to reveive a projectile 
this door closes the aperture. To transfer the 
projectile to the central cage the tray is tipped 
about a horizontal axis, which is so placed that 
the action of tipping does not appreciably raise 





the centre of gravity of the projectile. When the 
projectile is discharged into the cage the door 
returns to its original position under the action 
of a spring and closes the aperture. The whole 


process of transferring a projectile from the tray to- 


the cage can be performed in less than 1 second, 
and is effected by a lever at the side of the door. 

When the doors of the hoist are shut the cage 
can then, and then only, be raised by means of 
the central cylinder,- the action of which is con- 
trolled by the central hoist working valve situated 
at the top of the hoist and operated by the single 
lever gear in the working chamber. Arrived at 
the working chamber the shel] and cordite charges 
are automatically discharged into waiting trays 
in line with the gun-loading hoist cage, when in the 
“down” position. By the action of the single 
lever the flash doors at the end of the waiting trays 
are opened, and the shell and cordite charges are 
transferred to the gun-loading hoist cage by the 
hydraulic rammers shown in Fig. 4. The rammers 
are next returned tothe “in” position, the flash 
doors closed and a signal lever, on the single lever 
standard, moved to “ free,’ leaving the gun-loading 
cage free to be raised to the 5 deg. loading position 
in the gun-house. 

We now come to the loading operations controlled 
from the gun platform. The gears which are 
worked from the gun platform when loading the gun, 
viz., breech, 5 deg. loading position, gun-loading 
cage, and chain rammer, are operated by means of 
a single lever placed at the rear of the gun, as shown 
in plan on Fig. 7 and the perspective views on 
page 720. This lever is mounted on a universal 
joint at the bottom of a box-shaped structure and 
has a projecting pin on each of its four sides ; 
these pins engage in grooves at the ends of levers 
which are pivoted in bearings carried on the sides 
of the box, and are connected to the control] valves 
of the various gears. The top edge of each side 
of the box is turned down to form a clip, which 
engages with a corresponding upturned clip, formed 
on each of the four sides of the single lever, thus 
making it impossible to move the lever in any 
direction except along the sides of the box. At 
the first three corners of the box the turned-down 
edge on each side is cut away, so that when the 
single lever-is brought to any of these corners, the 
clips on the lever which engage with the turned-down 
edges of the box are opposite the notches, and the 
lever may be moved in a direction at right angles 
to its previous motion to perform the succeeding 
operation. No cutting is made in the turned-down 
edge at the end of the fourth side of the box, so 
that the single lever marked I in Fig. 8, page 704, 
can only be brought to its original position by 
reversing it round the four sides of the box. 

When the single lever I, on Fig. 8, is moved along 
the first side of the box, in the direction of the 
arrow, the pin on the single lever, which engages 
with the groove at the end of the lever connected 
to the breech valve N, carries this lever across the 
front of the box, and the pin on the adjacent side 
of the lever enters the groove at the end of the lever 
on the adjacent side of the box, which is connected 
to the slide locking valve L. On the single lever 
being moved along the second side of the box to 
operate the valve D, the pin on the front side of 
the lever leaves the groove at the end of the lever 
on the front side of the box, which is secured in 
position by means of a spring catch. The other 
levers are operated in the same manner. 

The loading operations are performed in the 
following order : (1) Open breech (Fig. 9, page 720) ; 
(2) lock gun at loading angle (Fig. 10) ; (3) raise cage 
(Fig. 11); (4) ram shell and charge (Fig. 12). These 
operations may be carried out independently as the 
operator working the single lever has complete con- 
trol of each operation, or should it be desired to allow 
the various operations to take place at the same 
time instead of separately, the lever I can be moved 
rapidly along the first two sides of the box, and also 
along the third side—provided the locking bolt P, 
which is operated from the working chamber when 
the gun loading cage is charged, has been with- 
drawn—and as far as the bolt J on the fourth side, 
this bolt only being withdrawn when the cage is in 
line with the gun at the loading angle. 

The movement of the lever along the first side 
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of the box operates the breech valve N, and supplies ammunition is transferred to the gun-loading cage 
pressure to the breech engine F to operate the | by the telescopic rammers as described above. 


breech, the motions of the breech being slowed 


When the cage is raised the lower tray containing 


be sight on to the target in the vertical plane and 


The elevating is controlled by means of a lever 


down as required by means of the intercepting | the projectile is first in line with the gun, and as the | standing vertically when the elevating control valve 
rammer moves forward the shell is transferred to the | is centred. The gun layer pushes the lever from 


valve Q operated from the breech engine. 


Fig.7, “title Locking 


The movement of the lever along the second side 
of the box operates the slide locking valve L, and 
puts into operation the valve S which controls the 
motion of the gun towards the loading angle position. 

The motion of the lever along the third side of 
the box operates the gun-loading hoist valve M, 
and supplies pressure to the hoist cylinder D 
through the intercepting valve T, which, in con- 
junction with the lever R, operated from the gun 
slide, controls the motion of the cage as it approaches 
the gun. 

The motion of the lever along the fourth side of 
the box operates the rammer valve K, and supplies 
pressure to the rammer engine G through the 
intercepting valve E, which slows down the motions 
of the rammer as required. 

When ramming the shell, both the bolts J and H 
are withdrawn from the path of the single lever, 
and the lever is given its full stroke to place the 
shell in position in the gun. On the rammer being 
withdrawn and the cordite brought into line with 
the rammer, the bolt H remains across the path of 
the lever, thus limiting its stroke and causing the 
rammer to perform only sufficient of its stroke 
to place the cordite within the chamber of the gun. 
The second half-charge on being dropped into line 
by the return stroke of the rammer is placed just 
within the chamber of the gun and pushes forward 
the first half-charge. Once the lever I being moved 
round to its original position the operation takes 
place in the reverse order, and the intercepting 
valves slow down the motions of the gears as 
required. 

The gun-loading cage is composed of two principle 
parts, the containing frame to which the lifting 
rope is attached, and a sliding frame working within 
this. The sliding frame is fitted with three trays 
arranged horizontally one above the other. When 
the cage is down in the working chamber these 
three trays are respectively in line with the two 
waiting trays holding the half charges, and the 
waiting tray holding the projectile from which the 





Elevating Control Valve 





gun and rammed home. On the return stroke the 
rammer head releases two catches, one at each end 
of the cage, which action allows the three trays to 
fall one stage, and brings the middle tray into line 
with the gun so that the first half charge can be 
rammed. Again the rammer is returned, and again 
it releases the two catches, with the result that the 
trays drop another stage and the second half charge 
comes into line with the gun and can be rammed in. 
When the last half charge has been placed in the 
gun the single lever is moved along the sides of the 
box in the reverse direction, and the breech is closed 
and the gun released from the loading angle, but 
only when the cage has been lowered clear of the 
gun. As the cage descends the trays are returned 
to their position within the containing frame ready 
for being recharged. 

The turret is trained by one man placed centrally 
at the front of the gun-house. He is given a 
balanced telescope which is independent of any 
motion of the guns. It can be adjusted for deflection 
in a horizontal plane, and, being carefully hung on 
pivots, the mere pressure of the face against the 
eyepiece, with the help of a pad resting on the head 
and attached to an arm extending from the tele- 
scope, is enough to control the telescope. The 
trainer, therefore, has both hands free to manipulate 
the training wheel, and is thus given every facility 
to keep his turret and its guns trained on the target. 

The right gun is elevated from the right hand 
position and the left gun from the left-hand position, 
and from both of these positions the turret may be 
trained if desired by means of the training hand- 
wheels provided. There is a second centre position 
from which either or both guns can be trained 
or elevated, but this is only a “‘spare”’ position. 
It may be taken as a general rule that since training 
is controlled from the forward central position, and 
takes place during the time spent in loading the 
guns, the guns will always be trained to the right 
position before they are ready to be fired, so that 
the man at the elevating station has only to bring 








him when he depresses the gun or draws it towards 
him when he elevates. A lever offers an advantage 
in that it is easy to apply a very simple firing 
trigger to the handle end, so that the gunlayer need 
not shift his hand to fire when he has adjusted the 
elevation. 


ROADS AND TRANSPORT CONGRESS 
AND EXHIBITION. 

THE Roads and Transport Congress held by the 
County Councils Association opened at the Royal 
Agricultural Hall, Islington, on Friday, Le 2ist 
inst., at 11 a.m., with the discussion of two papers, 
reprinted elsewhere in this issue. The first paper 
was by Mr. W. Matthew Jones, M.Jnst.C.E., and was 
entitled “ Reinforced Concrete Roads, their Con- 
struction, Maintenance and Life.’”’ The second, 
entitled ‘‘Cement-Concrete Pavements in New 
Zealand and the United States and Canada,” was 
by Mr. W. E. Bush, M.Inst.C.E., of Auckland, N.Z. 

The chairman, Mr. A. C. Pain, first called upon 
the two authors to give a brief summary of their 
papers, and the discussion was then opened by 
Mr. H. T. Chapman, who said that they were 
grateful for the experimental work which had 
been done in this direction by Mr. Matthew Jones 
and wished him success in his further trials. Mr. 
Jones had referred to the speaker’s report of 1910 
on some of his work. He supposed that practically 
all engineers, if they had experimental work to do 
over again would, on more mature experience, 
be able to carry it out on betterlines. He admitted 
that was so with his tests. They were al] agreed, 
probably, that both concrete and reinforced concrete 
were good for general work, but it was not yet 
decided that these systems gave a good surface for 
roads. In his report he had perhaps, owing to his 
extreme anxiety to be fair in connection with his 
tests at Gravesend, conveyed an incorrect impression 
that concrete gave rather disappointing results. 
Concrete was not resilient or elastic. He thought 
these qualities were desirable for al] types of traffic. 
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In the United States roads were treated with a 
surfacing coat of bituminous material. This might 
provide the necessary resiliency and prevent surface 
abrasion. Expansion joints were necessary, but 
they should not be overdone. If there were too 
many they became a source of weakness. Cracks 
often appeared at the end of the day’s work from 
poor bonding. He considered there was danger 
in two course work owing to the risk of the first 
course having taken its initial set and there was poor 
cohesion between the courses as a result. In the 
Hassam system referred to in the paper, he thought 
there was a risk of the large aggregates becoming 
displaced under the shocks of heavy traffic. 

The roads which county surveyors had to keep 
up could not be closed and traffic diverted, as was 
possible in a town. Therefore work had to be done 
in half widths. This resultant concentration of 
traffic on the other half of the road for 28 days or so 
was serious. Possibly it might cause failure, and, 
he thought, had contributed to the non-success 
of his own experimental work. That concentration 
could only be avoided by temporary diversion. He 
thought surface repairs to concrete were heart- 
breaking. The surface had to be hacked, and about 
1} in. of fine concrete laid in a patch which had to 
be fenced, lighted and watched till it was set. He 
would ask whether the old material of a macadam 
road was good enough to use for concrete. He 
thought that if it were not well cleaned and properly 
handled the user would be courting failure. Surface 
repairs were a very important point to consider. 
They still had to consider horse traffic. Would not 
concrete be very hard on the horses’ feet and, 
possibly, legs ? Would not carpetting be necessary 
for that reason? If a carpet were employed you 
came up against the slippery road question, and 
there was also the danger of surface creeping. He 
had used river ballast as an aggregate, but did not 
consider it as good as broken stone owing to its 
roundness. What they all wanted was the best 
roads and the most economical, not merely the 
cheapest in first cost. 

Mr. A. E. Collins, Norwich, did not consider 
two-coat work to be good. It would probably be 
possible to use a thinner coat of a richer concrete 
in place of a thicker coat of two grades. What was 
the poorest mixture which would give sufficiently 
good adherence and what was the least depth 
possible for different classes of roads? If a road 
acted as a raft he thought a top reinforcement as 
important as the lower. If on stable ground, he 
thought the reinforcement should be at the top. 
the concrete below acting more or less as a pad, 
The reinforcing was required on the top to resist 
temperature changes. With regard to the question 
of foothold, had anyone tried mixtures of various 
materials, such as broken brick, with the concrete 
so as to obtain uneven wear to keep the surface 
rough. He would always prefer a plastic surfacing 
over concrete. Even } in. would make a lot of 
difference in the load perinch. He thought America 
could teach us a lot in regard to mechanical methods 
applied to road-making. If our costs were to be 
kept down such methods would have to be adopted. 

Mr. L. Roseveare, South Shields, stated that his 
borough had 20 miles of concrete, not reinforced 
concrete, roads on clay soil. These had taken 
continuous traffic, including steam lorries. Some 
had been down from fifteen to twenty years. His 
experience went to show that concrete would not 
stand up to steel tyres. Had a suitable jointing 
material been found for expansion joints? This 
greatly affected the life of such roads. 

Mr. J. A. Brodie, Liverpool, said the subject was 
a large one and deserved very careful consideration. 
They had not had much experience of the wear of 
concrete under steel tyres. They of the munici- 
palities were indebted to the County Council 
Association for bringing up these points, when 
everybody had to consider very carefully the whole 
question of increased costs and the less value they 
were getting for money paid out for labour. The 
whole thing was a question of value. His costs for 
sett paving had gone up 200 per cent. over pre-war 
rates. For soft wood paving the increase was the 
same. For macadam the increase was 100 per 
cent., and for concrete 100 per cent. The effect 
actually was that concrete came out at present about 





the cheapest material to put down. He could put 
down a concrete road about as cheaply now as one 
of macadam. That sounded extraordinary, but ex- 
plained his conditions at present. Liverpool had 
used concrete foundations for road paving since 
1872. In the last ten years he had put down 
concrete, but coated with pitch mixture. In some 
cases he had used 3-in. coating; in others, 1} in., 
and down to # in., according to the type of traffic. 
He had also put a }-in. coating on paved granite 
surface, and found it was wearing well. He did 
not think the “grip” of the coating need trouble 
them. America had 8,000 miles to 10,000 miles of 
concrete roads, and we here were only now beginning 
totalk about them. He thought the loca] authorities 
should compel their engineers to put down trial 
lengths of road. We were much too shy of investi- 
gation work, and the authorities too chary about 
paying for experts to work out improvements. He 
did not think the repairs to concrete roads need 
worry them. He thought these would better be 
done with a material of asphaltic nature than by 
inserting a thin layer of concrete. 

Professor E. R. Matthews had carried out ex- 
periments with various classes of concrete and 
found very little difference between concrete made 
with broken stone or with gravel. He had had 
experience of a two-course road of plain concrete 
laid on a curve on which al] other material tried had 
proved useless. He had used 8 in. of concrete, 
placing a lath every 10 ft. These were taken out 
and the space filled with bitumen. There were no 
cracks after five years. There was no reinforcement, 
but he thought reinforcement often advisable in 
roads as in other structures. He had used a 6 to 1 
mixture for the bottom course and 4 to 1 for the top 
coat. A richer concrete would develop more hair 
cracks than a poorer one. If reinforcement were 
used it should be placed within 2 in. of the bottom, 
and no other was required. In experiments with 
reinforced concrete made with gravel, stone, clinker, 
cinder and slag aggregates he had found that the 
reinforcement after two years, while bright in the 
case of stone and gravel, was covered with red rust 


in the case of the cinder and slag. With such | 


aggregates, therefore, in a reinforced road, it would 
get weaker as time went on. He understood that 
in the United States no traffic was allowed to go 
over a new concrete road for three months. That 
made them impossible here. 

Councillor Rowlands, Tilbury, said a length of 
concrete road laid down and taking the traffic from 
the Tilbury Docks, cost them practically nothing as 
regards maintenance. The surface had been heavily 
tarred, but that was wearing off. So satisfied had 
they been with this result that they had schemes 
to spend 37,0007. on reinforced concrete roads. 
They thought two-coat work best. They used a 
local gravel for the bottom and granite chippings 
for the top. Both coats were laid together with 
excellent results. 

Mr. Max Clark, Holborn, asked what the authors 
meant by concrete roads. All central London had 
concrete under the roads varying from 8 in. to 18 in. 
in thickness, mostly not reinforced. Had Mr. Jones 
considered the question of attrition of concrete 
roads without surface covering? As regards the 
position of the reinforcement he agreed with 
Professor Matthews. It should not be at the top. 
The reinforcement took the tension and the concrete 
the compression; therefore the reinforcement 
should be below the neutral axis. He was more or 
less responsible for the granite paving at what he 
called Tottenham Circus. This was laid over 
concrete and cost 34d. per yard per annum for 
repairs which simply consisted of filling the cracks 
with bitumen. Previous materials had cost 4s. 
per yard per annum for repairs. With a good 
bottom, 6 in. of concrete might do; other places 
would want 18 in. The difficulty in London with 
regard to reinforced concrete roads was the con- 
tinual taking up and relaying of the surface in 
connection with pipes and other services. If a 
properly-reinforced road were put in and then cut 
lengthwise by a trench the whole thing was at once 
spoilt. In Southampton Row a new concrete road 
paved with wood had been laid for 2/. per yard. 
Traffic was diverted from May 27 till October 7, 
but this long time was due mainly to lack of labour. 








Could the authors account for the circular depressions 
which occurred in concrete, of about 6 ft. in diameter. 
These were found under the surface, though the soil 
was equally good everywhere. The Government 
was spending money on research. Why should not 
the County Councils Association apply to the 
Government for money for road research on definite 
scientific lines. : 

Mr. R. J. Angel, Bermondsey, asked, in connection 
with the depressions spoken of by Mr. Clark, if he had 
any information as to the amount of water used in 
the concrete at these points. He thought that 
might bear on the point. 

Sir R. Usher said they had heard mostly about 
town roads. He thought the meeting would 
be more interested in country roads. How was 
horse traffic to be dealt with in the future. 
It would be with us a long while yet, and atten- 
tion should be given to this. The agricultural 
horse had to be considered because up til] now 
at any rate tractors had not been successful in 
many parts. How had such traffic been dealt with 
where country roads had been laid with concrete ? 

Mr. C. F. Gettings thought Mr. Jones’ road mis- 
named. It was really a foundation, and had to be 
protected by a top dressing, twice a year if possible. 
The question of repairs was most important. Road 
experiments had been made by a Government 
Department, but unfortunately the results had not 
been conveyed to them. Many of them had, 
further, made experiments of their own. He 
thought it would be well if they all were to submit 
these to some central department so that the 
information might be at the disposal of the County 
Council Association. Mr. Matthews gave costs of 
concrete road paving as 13s. per superficial yard 
and 25s. if of setts with a concrete foundation. 
He thought these figures high. It would be helpful 
if traffic were given by the ton-yard and not by 
the number of vehicles. He did not agree that it 
was proved that the concrete road was the road 
of the future, because of surface troubles. r? 

Mr. J. W. Horton, Derbyshire, said 17s. was too 
high for tar macadam even including a concrete 
foundation. For towns they could understand 
concrete being used, but for country districts the 
time taken for setting was a great objection, apart 
from others. Traffic should not be turned on to it 
for 30 days. If they laid at the rate suggested 
(100 yards per diem) there would be about 2 miles 
of road out of service at a time. It was quite 
impossible to find alternative routes on this scale in 
the country. Why they had been possible in the 
United States of America was, he thought, because 
the previous roads were unmetalled and were so 
rough that if the traffic were turned on to the road- 
side while the new road was being laid it made 
conditions little, if any, worse for it. That was not 
possible here. Then, again, the slippery surface 
question came up. If a concrete road could not be 
used without a top bituminous coating it would 
not do for the country. 


Mr. Wilkinson, Willesden, said when at Deptford 
he had put down a concrete road 9 in. thick, 1.e., 
64 in. of under coat and 2} in. of over coat, reinforced 
at the bottom and top. He had put in the top 
reinforcement to see whether this would take up 
the stresses set up in the upper layers by starting 
mechanically-propelled vehicles. This road took 
most of the cattle market traffic. It had been down 
five months, and was not tarred. At one point 
where the top coat had been floated the fine surface 
was giving slightly, but nowhere else. It had been 
put down for experiment. It had cost 17s. per 
superficial yard for concrete reinforcement alone. 
It had not cracked, except where jointing was 
done. He thought it would prove all right. 

Mr. Jones, in reply to the discussion, said with 
regard to elasticity he believed in tar spraying of the 
surface. That only cost 2}d. to 23d. per yard in 
Chester, and that was not dear for the protection it 
gave. He had not had to do surface repairs as yet, 
and he hoped to take all repairs in hand so early 
that hacking out would not be necessary. After a 
frost he had gone down to see his concrete road 
in Chester, and had found al] the horse traffic coming 
into the town on the wrong side of the road so as 
to get off the wood-block paving on to the concrete. 
He used }-in. granite chippings with his spraying. 
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Two-coat work was not desirable. It was more 
expensive than one. More experience was needed 
with regard to the qualities of the various possible 
materials. Mechanical methods were all right 
where large quantities were involved, but surveyors 
often had to deal with short lengths. He thought 
joints might be put in at 45 deg. instead of straight 
across the road, with good results. The difficulties 
of opening up concrete roads were considerable, 
but if notice were given and some encouragement 
given people would have their pipes, &c., examined 
before the road was laid. 

Mr. Bush, in reply to points raised on his paper, 
said they must have an unyielding surface if the best 
results were to be secured for traction effort. Con- 
crete had provided this in the United States of 
America. He had abandoned the two-coat system, 





but had sometimes put down broken metal first. 
Concrete roads must be closed for 28 days at least. 
He thought that difficulty might be met on main 
roads. He had managed to do half the road at a 
time on all roads of reasonable width. He had not 
had to do any surface repairs, but did not anticipate 
difficulty therewith. He had only reinforced | 
over trenches where he thought he might have | 
trouble. With mechanical mixers, in the United | 
States of America 300 lineal ft. or 600 sq. yards | 
per day were laid. This was partly due to excellent | 
organisation. In Auckland, mechanical methods 
were used. Of course, everybody would prefer | 
rubber tyres. If they were used for trucks concrete | 
floors would not suffer. He used joints of two 
thicknesses of tarred paper every 56 ft., painted over. 
In the United States they were practically abandon- 
ing joints, and where cracks appeared they simply 
tar-painted them. There they had some 10,000} 
miles of road, 90 per cent. to 95 per cent. of which 
were equivalent to our country roads, taking all | 
types of traffic. Farmers thought them a great 
asset. He had laid 45,000 sq. yards in Auckland, 
at 12s. a yard for all charges, though materia] and 
labour before the war had cost about twice as much | 
as in England. All but two of his roads were | 
unsurfaced. In some cases surfacing was an 
advantage and quite a thin coat would suffice. 

The following resolution was then put to the 
meeting: ‘‘ That this conference is of opinion that 
the question of the construction and maintenance 
of roads is at the present time a matter of the utmost 
importance, and should therefore be the subject of 
scientific investigation subsidised by the Govern- 
ment.” This was duly seconded and carried 
unanimously. After votes of thanks to the author 
and the chairman, the meeting adjourned till the 
afternoon. 


ASPHALTIC MacapamM Roaps. 


On reassembling at 2.30 p.m., the conference 
considered a paper by Mr. H. T. Wakelam, 
M.Inst.C.E., entitled “ Asphaltic Macadam (Bitu- 
minous) Roads and their Extended Use.” This we 
reprint on another page of this issue. Mr. C. F. 
de Salis was in the chair. 

After introductory remarks by Mr. Wakelam the 
discussion was opened by Mr. A. Dryland, county 
surveyor, Surrey, who said that in Surrey they had 
used asphaltic construction, having commenced in | 
1910 and greatly enlarged their area since. They | 
had now a quarter of a million yards of such road | 
surface, equivalent to about 20 miles. The author 
had dealt with one particular kind of asphalte, but | 
made mention of residual bituminous materials. He 
the speaker, preferred to test a variety and find out 
which promised best. He had about 65,000 yards 
of residual bitumen roads giving promise of very 
long life. Part of the Great Western-road taking 
the lorry traffic from Kempton Park during the war, 
as well as timber traffic, &c., had been laid with 
this. The repairs had been very small. In 1913 
he had been so satisfied with the results of the | 
asphalt roads that he had induced his authorities | 
to purchase a special plant to enable him to under- 
take work himself. He had thought that local | 
resources might advantageously be employed. His | 
base coat he had made of the old macadam road | 


crust, suitably treated. He had reconstructed the | 


base of 13 miles of road with this old road metal 
mixed with pitch and oil. He had not had to bring | 
to it any new material. It was still perfectly sound | 
and good. For the surfacing coat he had used 


_ product its use was not advisable. 


mostly a local sand which he had searched for and 
found, or clinker. His plant he put down near the 
sand to save cartage. In 1915 he managed to lay 
base and top coats together for 4s. 8d. per yard, 
while the author was paying 10s. or 8s. He thought 
this proved that, utilising local materials, the cost 
of such roads could often be cheapened. He had 
employed Trinidad asphalt, and the grading was 
similar to the authors’. He had had no repairs to 
execute in the five years, except over trenches, 
which always gave trouble. Recent trenches 
always showed themselves, but otherwise no surface 
repairs had been required. He anticipated a 
probable life of ten to twelve years, possibly more 
Patches could readily be let in and traffic allowed 
over the repairs in a few minutes. That was a great 
advantage. 

As regards fillers, he had tried many, but did not 


| think the actual material mattered much, so long 


as it was inert and finely ground. He had used 
road dust, and thought cement altogether un- 
necessary and expensive. Pitch and tar were not 
outside the question as the author stated. He had 
used no bitumen in his base coat, and did not intend 
to. Pitch compounds were excellent in a base 
coat, and were much cheaper. By the use of local 
material he was able to do a lot of work during the 
war which would not otherwise have been possible. 
Clinker asphalt made good roads, but was not 
available everywhere or ip large quantities. 1t also 
had to be ground, and took more bitumen than 
sand. Unless clinker was an otherwise waste 
He considered 
the asphaltic form of construction with a good 
base coat of either bitumen or pitch, gave the best 
road for mechanical transport. The wear was very 
small. Though the foothold was not absolutely 
everything that might be desired, under many 


| conditions it was better than others, while taken the 


year round the complaints were really extremely 
few in number. 

Mr. J. Carey, Isleworth, had been associated with 
Mr. Wakelam and the roads mentioned in the paper 
were on the boundary of his area. They had to carry 


| much horse traffic with market garden produce, and 


the horses soon became accustomed to the asphalt 
surface. When he had brought the question of 
clinker to Mr. Wakelam’s notice the local authorities 
had been placed in the position of putting to good 
use an otherwise absolutely waste product. At 
the same time, as they could not finance the 
bituminous road schemes it had been arranged for 
the District Council to provide the base cost, while 
the County Council paid for the wearing surface. 
There was no special selection of clinker. It was 
taken from the destructor to a heap where it con- 
tinued to burn. Even all the tins were not taken 
out sometimes. The larger material was used in the 
base coat and the finer for the upper coat. It must 
be remembered in connection with corrugations that 
in laying a road the old road usually had to be 
excavated, and there was a continual consolidation 
of the sub-base going on. Contractors usually 
gave a ten years’ maintenance guarantee for such 
roads. If steel tyres could be eliminated there 
would not be the need for such resiliency in the road. 
With rubber tyres it would be possible to put into 
the wearing surface a stability which could not at 
present be adopted. 

Colonel R. E. B. Crompton said he had traversed 
the roads dealt with and would give all due credit 
to the engineers who had designed what he called 
the bituminous carpet type of construction. There 
was a great difference between the natural asphalt 
which was expensive, and synthetic asphalt which 


| was a bituminous mixture of sand and other things, 


made by themselves. Mr. Dryland had, he thought, 


|done more than anyone for roads by making 


experiments in the right direction. Carriage bulked 
very largely in the costs and Mr. Dryland had tried 
local and old material with new binders. He had 


| extracted part of his material from the old metal. 


Road dust made a good filler if properly sifted. 
He had found that the best sub-crust was the old 
material itself. That he, the speaker, considered 
quite good, and pitch and oil mixture was quite good 
for sub-crust where it was protected by the upper 
layer. When roads were first made with pitch and 
tar the minimum proportions were not adhered to, 





and care was not taken to see that just the right 
quantity of pitch was used to cement the material 
together. When a road was properly made, 
corrugations were not necessary. They were 
avoided if stone to stone rolling were adopted without 
the hogging applied in the late Victorian days. 
All the hogging between the stones worked out, 
leaving them all slightly spaced apart. The heavy 
traffic moved them, crowding them up into the 
crown of the waves with greater spacing in the 
troughs. When proper stone-to-stone work was 
done below and a carpet was applied above, waves 
did not occur. Waves and corrugations occurred 
beneath the carpet, He believed bitumen would 
have to be used for the upper coat. It was 
chemically stable. Pitch exposed to air did change 
chemically, and deteriorated. Therefore tar and 
pitch might be used below, but bitumen with sand 
or clinker should be used for the upper coat. The 
double-coat system saved cartage by using the old 
road crust, and only the more expensive material 
had to be imported. Old chips from quarries made 
a good upper surface material. In Scotland they 
were being laid by machine, which laid a depth of 
} in. of chips over a width of 7 ft. at the rate of 
4 miles per hour, the road being tar-sprayed first. 
Owing to the great rise in price of materials and 
labour, road engineers would have to see that simple 
machinery was introduced. The Thames Embank- 
ment was the pioneer piece of double-coat road 
in this country, and all honour was due to the 
contractors who did the work there. 

Mr. R. Drummond, surveyor of Renfrewshire, said 
that some three or four years ago he had become 
interested in seeing whether they could not utilise 
the débris from a large number of quarries. The 
material he referred to was of # in. downwards. 
He wanted to produce a surface such as they found 
in London, and he thought all the material he could 
get could be utilised. In 1917 he had put down 
two experimental lengths, using this waste. On 
one road they had a traffic of 500 tons a day and on 
the other about 3,000 tons per diem. The latter 
was wide, with tram lines jin the middle. In June, 
1919, it was just as good as when laid on this heavy 
road. Previously macadam had had to be renewed 
every two years. The result was that in 1918 they 
had procured machinery, and they had now seriously 
started to put down this kind of surfacing. He 
considered it a reply to the advocates of concrete. 
The old material might be used. He had dumped 
a cartload of his mixture without consolidating it, 
and after two years it was impossible to pick asingle 
particle off the pile. In 1917 the cost ran out to 3s. 
per superficial yard, 2 in. thick. This year the cost 
was approximately 5s. That was only approximate, 
as his quantities had not been large enough to get 
at fair figures. That included an estimate for the 
cost of the stone. In order to get stability he had 
found it necessary to use at least 25 per cent. of the 
g-in. size, and equal amounts of bitumen and dust 
filling. He thought the j-in. size gave stability and 
the fine dust the toughness. The cost of the stone 
was about 12s. per ton. 

Mr. W. E. Bush, Auckland, N.Z., stated that three 
types of asphalt roads were used in the United 
States, viz.: (1) Sheet asphalt, which consisted of a 
coat of 1}-in. stone, 1} in. thick, and on top a surface 
course of asphalt and fine cement or good lime. 
He did not think cement necessary. (2) Bitulithic, 
using as an aggregate absolutely every size of stone 
very carefully proportioned to fill all interstices, 
with asphalt. (3) Indurated asphalt, which he 
had seen in San Francisco. This was a two-coat 
road. The bottom consisted of six parts broken 
stone of # in. to 1} in., three parts sand and one part 
asphalt. The top coat was 134 per cent. asphalt, 
15 per cent. dust, and 71 per cent. sand. This 
was laid to thickness of 1} in. "He thought the 
sheet asphalt roads in the United States of 
America very fine. Some had been down twenty- 
five years, and the maintenance costs had been 
very small. About 6 in. of concrete was used 
mostly, except in the roads of class (2), when 
rolled broken stone was employed below the coating 
material. 

After remarks by Mr. A. Lyddon, of the North 
Riding, Yorkshire, to the effect that the question 
was largely one of costs, Mr. Wakelam’s system 
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involving expenditure which would be prohibitive in 
many cases, Mr. Marriott, of the Limmer Asphalt 
Company, said that the author’s system represented 
the mean between tar-spraying and what he called 
rock asphalt. He thought asphaltic macadam to 
the Middlesex specification was the solution for 
roads with moderately heavy traffic. Future traffic 
would justify quite large expenditure. The author 
attributed wave formation to vibration and friction. 
The speaker thought that not correct. If that was 
the fact waves would be accompanied by dis- 
integration. He thought no type of pavement was 
so little affected by vibration as asphalt, or gave 
a better foothold. He thought waves due to the 
instability of one of the three layers. Whether 
they excavated or used the old material, much more 
attention should be paid to the sub-base. It would 
then be possible to evolve a second layer of asphaltic 
concrete with compressive qualities comparable 
to those of hydraulic congrete. That could be 
procured by raising the melting-point of the matrix, 
but on the present sub-course it would not be pos- 
sible for such a layer to be rolled down. Over that 
you might have a thin veneer as a wearing surface. 
With asphaltic macadam the internal stability would 
increase as harder types were introduced and wave 
formation would then disappear. 

Mr. J. A. Brodie, Liverpool, stated that he agreed 
with Mr. Wakelam in many respects. In 1899 he 
had had similar material put down by Mr. Marriott, 
who was at that time rather doubtful as to being 
able to give a ten-year maintenance guarantee. 
It was laid for 10s. per superficial yard. That road 
was good to-day, and had needed very little main- 
tenance. In every year between 1899 and 1914 
they had increased the area laid in Liverpool, and 
now had over 50,000 sq. yards all laid on the 





ten-years’ maintenance system. His only trouble 
with contractors was that he would very much like | 
them to put down roads at a cost which he had found | 
possible. When the contractors were charging 





10s., he himself had been able to lay corresponding 
material for a cost of 4s. That material would | 
probably cost 20s. to-day, and was not suitable for 
all classes of traffic. In the author’s case the class | 
of laying proved a cheap bargain. The traffic was | 


paper for consideration was entitled “The Con- 
solidation and Amendment of Highway Law.” Its 
author, Mr. H. H. Copnall, was called upon to give 
a few introductory remarks. The paper reviewed 
the present condition of highway law, and pointed 
out that much of the present law had come down to 
them from times when totally different social 
conditions existed, dating as far back in some 
instances to the time of Henry VIII. The paper 
argued in favour of a comprehensive classification 
of the roads, and put forward for consideration a 
sketch of a Bill amending and consolidating highway 
law. 

Mr. Berryman, Somerset County Council, said the 
Minister of Transport had lately promised that 
classification should be promptly taken in hand. 
Everyone would welcome that. It was the first 
step. Though conso'idation of the law was necessary 
he thought amendment should come first. High- 
way improvement were often interrupted by the 
action of private individuals; for instance, as 
regards buildings on the road side. Power should 
be given to lay down proper building lines. Proper 
road-planning schemes should be thought out to 
provide suitable and wider roads in the more 
congested areas. Powers should be given to 
prevent dangerous corners, high fences, &c., at 
corners, and so on. The private individual had, 
it was recognised, a right to light. Therefore, he 
thought the public should have the right to see. 
The highway should be used by all with full regard 
to fellow users. That was partly a matter of 
education, but he would like to see the police in 
control of all road traffic. The roads should be 
used with due regard to what other traffic there 
might be on them. 

Mr. A. Evans said they had got to the stage when 
road traffic was essential to the nation. He was a 
user of roads, and suggested that rules such as those 
adopted at sea should be properly drawn up and 
enforced by statute law. At present traffic rules 
could only be enforced by bye-laws. 
Horton, Derbyshire, who followed, said he agreed 
with both the amendment and consolidation of 
highway law. Everybody knew of the importance 
of draining roads. He thought powers should be 


large and the life good. Much cheaper materials | given to the highway authorities to take ditches 


would have to be used on most roads of this country. 
He had taken up old material, riddled and mixed | 
it with pitch mixture and sand, with good results. | 


and drains essential to the roads under their charge. 
Further, they ought to be able to control the drains 
running from these to the main drain or river. 


The wearing surface had stood up to traffic for If these were not properly attended to, the ditch 
twelve years. He thought Eng'ish materia!s could | became a soak-away, and the road foundations 
be got to give as good results as imported foreign. | suffered. He thought there should be no distinction 

Mr. Wakelam, in reply to the discussion, said he of conditions with regard to mains owned by com- 


preferred to rely on contractors bound by a main- 


| panies and those owned by sanitary authorities. 


tenance clause rather than to attempt to get good | Conditions as to notice and restoration should be 


results by employing untrained workmen and | 
involving possibly considerable subsequent ex- | 
penses. He also preferred to put his new material | 
down over his old if possible, and thereby got a_ 
stronger crust than if the old were taken up and 
re-used in the new. Clinker from destructor had 
been used with certainly very good results. If 
limestone chippings were used with tar painting 
instead of granite, they would find much of the 
slipperiness would disappear. It was the general 
concensus of opinion that waves and corrugation 
were due to vibration and friction. The faster 
the speed the closer the corrugations. The modern 
trouble was due to the motor omnibus. If they 
took present costs and applied it to the road yardage 
of the country the total figure would be found to be 
extremely high for resurfacing to cope with the 
mechanically-propelled traffic of the future. The 
form he advocated might not be suitable to all 
toads, but he was conviiiwced its use would be 
extended largely. 

A vote of thanks was then passed to the author 
and the chairman; Mr. de Salis, in acknowledging 
the latter said they heard a good deal about horse 





traffic. He thought that as the new roads were 
necessary for the modern motor traffic inventors 
might with advantage turn their attention to the 
development of some new form of horseshoe to suit 
the new conditions. The conference then adjourned. 


Hieuway Law. 
On reassembling, at 11 a.m., on Saturday the 


exactly the same for both. Railways should be 
made to maintain raised approaches to level cross- 
ings, as they have to do to bridges. The custody of 
Turnpike Trust papers, and still more of parish 
awards, should rest with the County Councils. 

Colonel Hacking suggested that instead of one 
Bill there should be two, one dealing with road 
construction and maintenance, and the other with 
traffic and road regulation. He thought road users 
regretted the decision by which railway companies 
were relieved of liability of bringing bridges up 
to modern standards. 1n regard to traffic he thought 
the Ministry of Transport should be given more 
elastic powers than was at present proposed with 
regard to speed limits in certain areas. 

Mr. Hunter, Stirlingshire, said the attempt should 
further be made to unify the law as between England 
and Scotland. He thought a suitable traffic Bill 
might be made to apply to both while highway law 
should be codified. Mr. A. Dryland, who followed, 
said before great improvement could be made 
there would have to be forthcoming readier methods 
of acquiring land and determining building lines. 
The time had passed when an adjoining owner should 
have any right over part of the highway. They 
needed more power as regards dangerous corners and 
hedges, &c. Half the cost of maintenance was due 
to trenching, and restoration should be made as 
sound as the road previously was. Deep ditches 
should not be allowed close to modern roads. Power 
should be given to fill in and pipe and take in the 
land so made. 





22nd, the chair was taken by Mr. F. Dent. The 


Mr. Thomas Griffith, Glamorgan, ‘said in the 
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Rhondda district they were troubled with high 
maintenance costs-due to mining. He would like 
to see the law changed so that royalty owners and 
people receiving ground rents should be reasonably 
rated for the upkeep of the roads so damaged. 
A plea for better village signs was put in by Mr. 
E. B. Martin, of Salford. In France, on the first house 
of every village the name was given, together with 
the classification of the road, and distances. They 
also wanted regulations to protect their roads after 
frost. The position of mains should be standardised 
under the road, when less damage would accrue from 
opening-up. 

Major A. T. Davis, Shropshire, said they wanted 
more definite motor warning symbols and the powers 
to prevent colourable imitations being set up where 
unnecessary. Regulations should be applied to the 
whole country. He agreed with the naming of 
villages, &c. Farmers should be prevented from 
soiling the roads, hauling roots, &c., out of fields. 

Mr. C. Durie, Wilton, Somerset, said he had had 
experience of the working of an Act putting the cost 
of topping hedges on the rates. It had worked well, 
and should be extended. 

In reply to the discussion, Mr. H. H. Copnall 
said there was no statutory authority at present 
regarding the rule of the road. He thought the 
police should control the traffic everywhere. Records 
and parish awards should be procured where 
possible. Holders should be made to give them up 
under penalty. It was not reasonable to expect 
railway companies to rebuild railway bridges to meet 
some complete change of traffic without some com- 
pensation. Owners’ rights might give trouble in 
rural districts. They no longer did so in urban 
districts. They should be abolished. On the point 
of extraordinary traffic he preferred a haulage rate 
to litigation. An arrangement could usually be 
come to, to pay such a rate before the traffic came 
on to the road. 

The following resolution was then put to the 
meeting and carried unanimously :—‘‘ That this 
conference expresses its opinion that the consolida- 
tion and amendment of the highways law is a matter 
of urgent necessity, and approves generally the 
proposals made for that purpose by Mr. Copnall, 
together with amendments put forward by other 
speakers.” 

The meeting terminated with a vote of thanks to 
the author and the chairman. 


(To be continued.) 





MAGNETIC AND MECHANICAL TESTING 
OF IRON. 

In spite of their antique associations magnetic 
phenomena retain their singular character. None 
of our senses respond to magnetic forces at ail. 
The metals of the iion groups are practically alone 
affected by magnetirm, and though the electionic 
theory may explain the complexity of magnetic 
phenomena, we do not understand why they are 
limited to so few of the strong and heavy metals of 
the engineer. All matter is subject to gravity ; our 
senses remind us of it every moment. Mechanical 
stress, pressure, inertia, centrifugal force domineer 
over the inanimate as well as over the animate. 
Chemical forces, light, electricity, heat affect every- 
thing and everybody, and can only be borne within 
limits. But we may move about in an intense 
magnetic field without becoming in the least aware 
of it—unless we put on steel armour. We need not 
trouble about the shadowy “animal magnetism,” 
though it may date back to ages more remote than 
the recognition of the peculiar properties of the 
loadstone. Magnetic cures are just as efficacious 
with painted wood and sham coils as with real 
magnets and current-carrying coils. If we possessed 
the iron nerves of the popular hero, moreover, we 
might have to complain about new extraordinary 
pains, and man might never have passed out of the 
stone and bronze ages into an iron age. 

Strictly speaking magnetic phenomena are not 
singular, of course ; for all substances are toa certain 
extent magnetic. But the gradations in magnetic 
properties are so steep as almost to isolate the ferro- 
magnetic metals. We have long since learnt to utilise 
the magnetic properties of ion, and special methods 
of magnetic testing have been developed to assist 
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us in the selection of the proper material. So tar 
these tests have been limited to magnetic purposes. 
Since, however, the magnetic properties are corre- 
lated with other physical properties, attempts have 
recently been made to substitute magnetic tests 
for mechanical tests. The engineer approaches 
such attempts with diffidence. He knows that 
magnetic testing calls for exact laboratory work. If 
the magnetic test could be transferred from the 
labo-atory and from the prepared specimen to the 
mill and shop and to the finished forging or casting, 
he would welcome the new aid. But there the 
singularity and complexity of magnetic phenomena 
come in again, and the somewhat vague nomen- 
clature does not facilitate their study. 

The strength of unit pole, which repels (in a 
vacuum, and practically also in air) another unit 
pole at unit distance with unit force is also known 
as the unit quantity of magnetisation. The 
intensity of magnetic field is the force that unit pole 
will experience when placed in the field; this is 
also called the magnetising force, and is denoted 
by H and measured in gauss. If magnetism 
affected all substances in the same way, ‘the effect 
of the field on any substance in it, the magnetic 
induction, could easily be predicted. But magnetism 
does not exist for air, wood and stone and most 
bodies; there are further. in addilion to para- 
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magnetic (ferromagnetic) materials like iron, which 
place themselves along the lines of force, axially 
between two opposite poles, a few diamagnetic 
metals, like bismuth, which place themselves 
equatotially at right angles to the lines of force, 
and the effect of a magnetic field on a magnetic metal 
depends upon many factors. To explain these 
relations it is customary to imagine that an 
excavaiion be made in a bar of the substance, 
which is placed in a magnetic field. When 
the groove is excavated along the lines of force, 
there will be no free magnetism on the opposite 
sides of the groove. When the groove runs across 
the lines, there wil] be free magnetism of opposite 
signs on the two faces, and the field due to the sur- 
face density of the magnetisation I on the two faces 
will be 41. When the substance is isotropic and, 
only magnetised by induction, H and I will have 
parallel directions and the resulting induction will 
be B= H +4zI, B being also measured in gauss*; 
the plus stands for ferromagnetic materials, the 
minus for diamagnetic. If we divide the equation 
by H, we obtain: B/H = H/H + 4 wI/H, which is 
written“=1-+4ak. Here #is the permeability, 
k the susceptibility; both these quantities are 
merely numerical factors; they are increased by 
vibrations, and may be increased or decreased by 
stress. With rise of temperature - will increase until 
at the critical temperature of iron (about 700 deg. C.) 
the “ drops abruptly to zero, that is to say, the 
iron is no longer capable of being magnetised. A 
highly permeable iron will give a large B ; but the # 
is not constant for any material. It rises with 
increasing H to a maximum, which is attained 
already in a field of less than 10 gauss, then to drop 
off to a fairly steady value. 

These relations are not simple, and there are 
further comp'ications. The magnetisation depends 
upon the shape and length of the bar. The magnetic 
force seems concentrated in the poles near the 
ends of a bar, and the poles themselves exert a 
demagnetising influence upon the magnet. Bars 





* Unfortunately perhaps ; there is much controversy 
at present as to the desirability of expressing both 
H and B in gauss. 











bent to io m an almost closed circuit, a ho. seshoe or 
ring, retain their magnetism much better than short 
straight bars. When the magnetism is excited by 
wincing insulated wire 1 ound the bar, and the current 
sent through the coil is varied, other peculiaritics 
are observed. As the magnetising cunent (H = 
0-4 w N I/L, where N indicates the number of turns 
in the solenoid L centimetres in length carrying I 
amperes) is raised, the induction B (Fig. 1) 1ises in 
the curve O A, which becomes neatly paiallel to the 
abscissa when H is about 150 gauss or 200 gavss. 
Supposing we have been tapping the bar all the 
while ; then on decreasing the current, the B will 
go back on the same curve 0 A. Ii we do not tap 
the bar, then the induction curve will take the path 
ABCD, that is: when H is down again to ze1o, 
the induction will not be zero, but will have the 
value OB; when we reverse the current, the 
induction falls to ze10 at C, changes sign and attains 
a negative maximum at D; when we decrease the 
(now opposite) current, the induction will once more 
tise in the curve EFG, finally almost coming 
back to A. The loop described is not complete, 
but becomes more complete on our repeating the 
cycle. Thus the induction lags behind the decrease 
of magnetising force, and the loop is hence called the 
hysteresis loop. In Fig. 1, OX represents the 
Hmax.. and XA the residual induction B,; to 
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reduce this residual induction to zero requires the 
reversed magnetising force O C, called the coercive 
force. As the coercive force He seems to impede the 
free movement of the molecules of the iron, it is also 
styled “magnetic hardness”; He increases with 
increasing H up to certain limits; for pure iron H, 
is only a fraction of a gauss, for hard magnet steel 
it may have the value 60 gauss or 80 gauss, which is 
exceeded in special steels. 

The questions now are: Are the magnetic 
properties of commercial iron sufficiently uniform, 
and is their interpretation sufficiently definite to 
reveal mechanical defects in the metal by irregu- 
larities of the magnetic tests ? Can such tests be 
applied to entire work pieces such as rails? The 
interpretation of the test results is a difficult problem 
even in the mechanical testing of specially-prepared 
specimens, and one hardly expects that the questions 
will be answered in the affirmative. The evidence 
brought before last June’s annual meeting of the 
American Society for Testing Materials, when 
discussing ‘‘ Magnetic Analysis,” was, however, of a 
decidedly promising character. The magnetic test- 
ing of cutlery and drills, of steel rails, 1ifle barrels, 
and ball-bearing races, largely tested as supplied, 
has satisfactorily proved the utility and practic- 
ability of the method ; the nature of certain failures 
in rails has been disclosed, and our knowledge of the 
thermal treatment has considerab!y been extended. 
The meeting discussed five papers; the first of these 
came from the United States Bureau of Standards, 
which has taken the lead in this field, and we will, 
in the first instance, deal with this general contri- 
bution to the problem by C. W. Burrows and F. P. 
Fahy and their more familiar thermal work. 

The thermal work was done in the usual way 
with the Fahy permeameter on prepared specimens 
of 10 in. by 1% in. by # in., of carbon steels and 





alloys, which were tempered in various ways, 
quenched and “drawn,” as it is called in America, 
that is, heated above the critical temperature, 
quenched in water or oil, reheated, and then slowly 
cooled. The few curves which we select from a large 
vaiiety represent the O A of Fig. 1, and in the small 
numbers and circles the points where the ordinate 
of residual induction would meet the abscissa of the 
coercive force, the maximum magnetising force H 
being always 150 gauss. The carbon steel of Fig. 2 
(1-04 carbon, 0-34 manganese, 0-017 silicon) was 
tested: (1) Annealed; (2) quenched in water at 
2 deg. C. from 665 deg. C. (i.e., below, the critical 
point, 720 deg.); (3) quenched in oil at 21 deg. 
from 810 deg. (above critical point). The sequence 
of the curves and their slopes change with the 
treatment. Fig. 3 refers to an alloy steel (0-64 
carbon, 0-51 manganese, 0-21 silicon, 0-63 nickel, 
0-58 chromium, ciiiical point 740 deg.), quenched 
from 800 deg. in oil at 30 deg. (2), then reheated to 
(3) 100 deg., (4) 200 deg., (5) 300 deg., (6) 4060 deg., 
(7) 500 deg., (8) 6C0 deg., (9) 700 deg., (10) 750 deg., 
(11) 800 deg., (12) 950 deg. Intersecting curves 
were likewise obtained with a rail steel (0-90 carbon, 
0-41 manganese, 0-42 silicon), tested as received, 
annealed from 806 deg., quenched in oil and drawn 
to 700 deg. 

As regards general conclusions Burrows and Fahy 
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point out that steel quenched and undrawn, and 
therefore strained, is not characterised by such 
abrupt changes in magnetisation as are to be found 
after drawing—the general inference hardly looks 
quite obvious from the data offered—and that with 
certain, possibly very significant, exceptions, the 
coercive force steadily decreases when the quenched 
material is reheated, while the induction increases 
within the same range up to a point near the critical 
temperature. To judge by the mechanical tests 
of the carbon and alloy steels we mentioned, 
reheating should (for use in spring construction) 
be carried up to 500 deg. and 600 deg. respectively . 
at those temperatures marked changes in B, and H:. 
occur. The changes in the magnetic characteristics 
are not entirely consistent with the Biinell hardness. 
This Burrows and Fahy partly attiibute to the fact 
that the hardness is strongly influenced by the 
condition of the exterior region of the steel, whilst 
the magnetic tests bring out the integral value 
throughout the mass. We might perhaps submit 
that the relations are somewhat as with ordinary 
photography, which reveals nothing but the surface, 
and with Réntgen-ray pho‘ ography, which discloses 
the total mass at any vertical cross-section. But we 
rather turn here to the considerations which 
C. Nusbaum offered in his paper on “Certain 
Aspects of Magnetic Analysis.” 

Having referred to the recent work of Honda 
and Takagi, discussed in recent meetings of the 
Iron and Steel Institute, Nusbaum passes to the 
selection of the comparative criteria of magnetic 
and mechanical tesiing. His remarks concern 
particularly the two steels of Burrows and Fahy 
alluded to, the carbon steel (1-04 C., 0°34 Mn, 
0-047 P, 0-038 S, 0-017 Si) and the alloy steel 
(0-64 C, 0-51 Mn, 0-013 P, 0-038 8, 0-21 Si, 





0-63 Ni, 0-58 Cr). Figs. 4 and 5 summarise the 
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results of the magnetic tests and the Biinell hardness 
tests for the two steels. Nusbaum discusses these 
results with respect to the allotropic modifications, 
but we will confine ourselves to the more direct 
problem, The relations are evidently very complex, 
and general rules for the whole ranges of phenomena 
cannot be laid down. Nusbaum proposes a method 
of “limiting values” in the place of a direct com- 
parison. The method is explained by the two 
diagrams, Figs. 6 and 7. In Fig. 6 (taken from 
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Bullen’s “Steel and its Heat Treatment”) the 
upper curves refer to a manganese steel for rifle 
barrels (0°45 to 0°55 C, 1+25 Mn); the hardness 
curve does not refer to the same steel (0-65 C, 
1-32 Mn), but the difference is not important ; Fig. 7 
again concerns the rifle-barrel steel. The abscisse 
are “drawing” temperatures, and the whole 
diagram is subdivided by ordinates into four regions 
A, B, C, D, roughly corresponding to the tempera- 
ture limits for the hardened, tempered, toughened 
and annealed .conditions of carbon steels after 
quenching and drawing. The method consists in 
choosing, from the three magnetic quantities deter- 














mined at moderately high H (150 gauss to 200 gauss) 
two quantities which will definitely correlate these 
properties with the mechanical properties. One 
of these quantities will limit the properties of the 
specimen to one of the four regions, the second one 
will help to locate it. In region A the coercive force 
H, has its maximum, but is decreasing, the By, and 
B, are minimal, but are increasing ; for this region 
the H, is decisive. In regions B and C, the H, 
remains nearly constant and is hence unsuitable’ as 
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rejected before they have received the finishing 
treatment. Particulars of the tests were not com- 
municated. Drills, it was stated, can similarly 
be tested by placing them against the test coil yoke 
of a Fahy permeameter (previously described in 
Scientific Paper No. 306, of the Bureau of Standards) 
and be arranged in their order of meris. 
Rails.—The simplest method of magnetic measure- 
ments, the ring method, requires the preparation 
of a specimen, a ring wound with the magnetising 
primary, over which a few turns of the secondary 
winding are placed, in circuit with a d’Arsonval 
galvanometer. For bar specimens the permeameter 
is preferable. In the rail permeameter of Burrows 


_|and Fahy the magnetic circuit (Fig. 8) is built up 


of the rail, say 2 m. long, a corresponding length of 
heavy H-beam and two lengths of 35 cm. of the same 
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a criterion; but the By, and B, admit of dis- 
crimination. Similarly in D any two magnetic 
quantities would define the mechanical properties. 
When the mechanical and magnetic properties 
resulting from a certain thermal treatment have 
been determined, it will thus be sufficient to submit 
products of similar compositions to magnetic tests, 
and suitable limiting values of the magnetic 
characteristics may be chosen to define the physical 
properties required. On such lines then a correlation 
of the properties is practicable. 

Applications. Cutlery. Drills.—Magnetic testing 
was first tried by Burrows and Fahy on knife blades 
and cutting tools. Knife blades must not have a 
feather edge, but should be both hard and tough, 
two properties not easily combined by heat treat- 
ment. Severe quenching may lead to cracking, 
the cracks not as a rule becoming visible until after 
grinding and polishing; “‘drawing”’ has therefore 
to follow quenching. Under-quenching may also 
oceur. It was found that the proper hardness of 
the blade may be determined in terms of the coercive 
force, and this easy test, which does not mar the 
knife in the slightest degree, suffices for grading the 
knives. Knives likely to crack can hence be 





beam connecting the rail and the yoke; the four 
coils indicated are in parallel, the test coil is placed 
near the surface of the rail with its axis parallel 
to the rail length. The leakage test is based upon 
the fact that the magnetic flux through a bar will 
not be entirely within the bar, but will partly leak 
out into the air, when the material is not homo- 
geneous. The total flux is ¢ = » H A, where A is 
the cross-section of the bar; it should be constant, 
but its determination is not easy. It is more 
convenient to move a test coil along the rail and to 
measure the time integra] of the electromotive force 
called forth in a ballistic gal vanometer with constant 
displacement ; or to measure the rate of change of 
leakage with the aid of two test coils coupled in 
opposition to one another, which are kept at a 
constant distance of about 2 cm. while the whole 
apparatus, magnetising coil and test coils, move 
along the rail. One of the apparatus used for this 
purpose has only the one coil which slides over the 
test rail; the magnetic circuit is completed by 
very heavy beams of smal] magnetic reluctance. 
By these methods two rails were examined. The 
one, 30 ft. long, was a section of a 100-lb. rail— 
ancther rail from the same heat had caused.a wreck— 
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the other consisted of 20 ft. of an 80-1b. rail which | 


had itself failed and caused a wreck. The rails 
showed series of magnetically hard and soft spots, 
corresponding with the number of ties on which 
the rail had rested; the maximum hardness corre- 
sponded closely with the centres of the portions 
resting on the ties, these points being recognised from 
the local rusting of the rails. The nine tie marks 
of the second rail mentioned come out very clearly 
in Fig. 9; but it will be noticed that the curve A, 
obtained with one test coil, is not quite in accord 
with the curve B, obtained with two test coils; 
the arrow in curve A indicates the presence of hard 
nodules found embedded in the rail head, about 
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wheel load. Drop and tension tests, as well as 
cooling curves, meanwhile disclosed evidence of 
delayed transformation in the railhead, and the cores 
of abnormal metal formed might first be on the one 
side of the centre of the head, and then change to 
the opposite side within a few inches of length. 
Polyhedral crystals were found in the interior of 
rail heads; 132 rails were cut into small pieces, 
and crystals were observed in 22 of these. Fig. 11 
illustrates an intergranular fissure in a 6-in. 100-lb. 
rail, rolled in January, 1911, in cold weather. 
There is a nucleus of central intergranular area, 
% in. by § in., surrounded by a lustrous zone 
in which fractures can be distinguished. The meta 
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which nothing further is said. Fig. 10 illustrates 
some other features. By a saw cut purposely made 
across the rail head, 1 mm. wide, about 10 per cent. 
of the cross-section was removed ; this saw cut was 
filled out with good transformer steel so as to 
similate the conditions of a transverse fissure 
presently to be explained. Holes were further 
bored in the web of the rail. The saw cut is very 
distinct in the curves, and so is the 12-7 mm. hole 
in Fig. 10(A); but the hole of 9-52 mm. (not repro- 
duced) was far less distinct, and the 6°3 mm. hole 
of Fig. 10 (B) is quite indistinct, though attention 
was not drawn to these features by the authors of 
the paper. 

The paper on “‘ The Magnetic Survey of New and 
Failed Rails.” by P. H. Dudley, of the Electrical 
Department of the New York Central Railroad, 
marks a very important development of these 
magnetic rail studies started by the Bureau of 
Standards. During the last decade interior “‘ trans- 
verse fissures ”’ in rail heads have given a good deal 
of trouble under service. Eight railroad companies 
reported 59 failures in 322,593 tons of raiis from 
reheated blooms, and 1,054 failures in 559,644 
tons of rails rolled direct. The failures were classi- 
fied as “fatigue fractures,” due to the wheel load, 
by the division of Safety of the Interstate Commerce 
Commission, which proposed the remedy of reducing 
the wheel load. When the railroad officials had 
collected the just-mentioned statistics, the cause of 
the failure seemed to lie in the want of homogeneity 
of the direct-rolled rails rather than in the excessive 

















near the nucleus, numerous tests have established, 
is brittle and of low tensile strength and durability ; 
under overload the nucleus fails suddenly as a whole 
These overloads occur at the mill. There the hot rails 
are sawed to length of 33 ft. 6% in. (to shrink to 
33 ft.), cambered (the head curved round the base), 
and then run to the hot beds ; as they cool, the base 
recalesces and is expanded round the head; then 
the head undergoes recalescence and expands round 
the base, more than the original camber. The 
cooled rail is never straight and must be “ gagged ” 
under the straightening press where impact stresses 
of 100,000 1b. per square inch are frequently imparted 
to the metal in the rail head. It is to this gagging, 
which sometimes completely fractures a rail, that 
Dudley ascribes the transverse-fissure mischief. 
To lessen it, the span of the supports in the press 
has been widened from 42 in. to 60 in. Reheating 
the bloom prevents the formation of the fissures, 
if carried to 1,260 deg. C., and this reheating had 
been the universal practice, but had largely been 
abandoned again; one mil, which has always 
reheated, has never had any transverse fissure. 
When now the magnetic tests of rails displayed 
irregularities, the rails were broken, and checked 
nuclei from which interior fissures started were 
discovered. The apparatus explained by Fig. 12 
was therefore corstructed. The magnetising solenoid 
is driven at a uniform rate along the test rail by 
a motor which is geared to the brass drive roller. Two 
search coils (for separate, head and base records), 
are placed within the solenoid ; there are 10,000 


ampere turns m the solenoid of 24 in. by 6 in. by 
6} in., and currents of 4-7 amperes at 60 volis are 
used. Quite a thousand observations have been 
made on 60 new and 57 failed rails, and 217 photo- 
graphic records have been obtained. A complete 
survey of a rail can be carried out in 25 minutes, 
half of that time being wanted for handling the rails. 
The 60 new rails will be kept under observation. 
We reproduce two of the leakage curves obtained. 
The rail of Fig. 13 was a new 6-in., 105-lb. rail; the 
span of the straightening-press supports was 42 in. 
The blows had been applied to the head or base or 
from the side; the oscillations in the head and 





base records are always similar, but the base records 
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are consistently lower than the head records, no 
matter whether the straightening blow was on the 
head or base. The side blows have distinctly 
smaller effects. Everywhere the greatest oscilla- 
tions coincide with the positions of maximum over- 
straining, these positions having previously been 
determined at the mill. When the span was 60 in., 
the oscillations (not reproduced) were smaller. The 
old, failed, 6-in. 100-lb. rail of Fig. 14 shows similar, 
but greater oscillations. The positions of the 
gagging blows were unknown in this case, but the 
locations of the internal flaws and transverse 
fissures were subsequen:ly confirmed by destruction 
drop tests. Dudley concludes that the magnetic 
survey furnishes valuable information not otherwise 
obtainable; and he would have these surveys 
conducted by the railway companies, not at the 
mills. The railroads themselves require so many 
different grades of steels for axles, crank-pins, tyres, 
wheels, rails, &c., that they could, he considers, 
best develop suitable magnetic testing methods 
for the present, at any rate. 

In the magnetic testing of Ball-Bearing Races, 
by R. L. Sandford, of the Bureau of Standards, and 
M. F. Fischer, of the Hess-Bright Manufacturing 
Company, use was first made of a Dubois electro- 
magnet provided with two arc-shaped electro- 





magnetic limbs and special pole pieces, and of a 
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ballistic galvanometer, the thiow of which is a 
measure of the coercive force. This is not a work- 
shop method, however, and it did not reveal cracks 
and soft spots. Rotary hysteresis measurements 
have, therefore, been substituted. The sameelectio- 
magnet is mounted on a horizontai base which is 
turned in ball bearings at 100 r.p.m. or 200 r.p.m., 
the 1ace being suspended by a self-centsing holder 
within the pole gap. The measurements depend upon 
rotary hysteresis, the torque which the field exerts 
on the specimen, and this method indicated the 
presence of flaws which the subsequent breaking up 
of the specimen revealed by rust marks, The account 
of these experimenis is preliminary; attempts to 
produce a rotary field by a three-phase electro- 
magnet did not answer, the high-speed rotation 
masking the flaws. But the rotary method is con- 
sidered suitable. 

In the paper on “‘ The Location of Flaws in Rifle 
Barrels,” finally, R. L. Sand.ord is associated with 
W. B. Kouwenhoven and the Ordnance Department 
of the Army and the Winchester Repeating Arms 
Company. A non-destructive test of barrel steel, 
to precede the drilling, for pipes and enclosures 
would manifestly be of great value, and the research 
at once disclosed, by the magnetic-flux uniformity 
test, the presence of an unsuspected grave flaw, like 
a burst blister, in a barrel steel. But, Sandford 
admits, the interpretation of the results is a very 
difficult matter. For the study of barrel steel a 
special apparacus was designed; the solenoid, 
suspended by cords, slips down and up the barrel, 
which is clamped in a vertical position between 
three steel pipes, the pipes completing the magnetic 
circuit. The s of travel is about half a foot 
per second ; galvanometer peiiod should be 
about 1 second, and either two search coils, or three 
mounted symmetzically, are used. Two kinds of 
particular tests have been conducted. For the one 
a homogeneous steel is chosen, and artificial flaws 
are imparted to it by fixing pieces of transformer 
iron of various shapes to the bar; thus, e.g., bad 
longitudinal flaws can be imitated. For the other 
tests some bad steels were taken, which had been 
rej cted on the strength of unsatisfactory drilling 
tests. Though no evidence of suspected pipe was 
found inany of “these steels, they gave decided 
evidence of magnetic inhomogeneity, and proved 
too hard afterwards for the diill in magnetically- 
hard spots. Yet there are many factors favouring 
magnetic inhomogeneity ; the artificial flaws men- 
tioned, as well as bending and hammering, do not 
always affect the magnetic properties at the exact 
spot one would have expected to be influenced, 
and Sandford naturally insists upon the necessity 
of further study. 

Before concluding we shovld mention that 
Mr. L. A. Wild described a ‘ Method of Measuring 
Magnetic Hardness of Ferrous Metals and its Utility 
for carrying out Research Work on Thermal Treat- 
ment,” before the Faraday Society on July 14 last. 
Wild determines the coercive force with the aid of 
a ballistic galvanometer on specimen rods, 3 in. 
long, 4 in. diameter, within 2 minutes, and he 
brought before the meeting the results of a great 
many experiments on carbon and alloy steels, 
tempered, matured and refined, as he called it, for 
distinctive purposes, in water, oil, air under different 
condi.ions. His comparison with mechanical pro- 
perties is mainly based on the scleroscope. We can- 
not go into details ; but his recommendation that the 
magnetic test should find adoption in the metall- 
urgical laboratory for deciding the merits of 
different methods and materials for quenching and 
heat treatment certainly deserves attention. The 
other communications we have noticed prove that 
magnetic testing may undoubtedly render useful 
service even in the workshop and mill, and the 
importance of the subject and the advantages of the 
method will appeal to the engineer, though he may 
feel dubious as to the interpretation of the results. 
The chief point of the method—that it can be applied 
to the finished or the semi-finished product, leaving 
it intact, and does not call for the preparation of 
specimens—is certainly very much in its favour. 
Much time and labour can be saved if we can find 
out the unsuitability of the material at an early 
stage in an easy way. The design of suitable 
apparatus does not involve exceptional difficulties. 
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An ordinary general meeting of the above 
Institution was held on Friday last, the 21st inst., 
at the Institution Building, Storey’s Gate, West- 
minster, the chair being taken, in the absence, 
through illness, of Dr. Hopkinson, the president, by 
Mr. Mark H. Robinson, vice-president. The chair- 
man, after expressing regret at the cause of Dr. | 
Hopkinson’s absence, congratulated the members 
on again being able to attend an ordinary meeting 
at their own house. There were some reparations 
still needed, and the library and reading room were 
not quite ready for occupation, but would be so 
shortly. 

MECHANICAL RoaD TRACTION. 

The formal business having been despatched, 
a paper on “The Present Position of Mechanical 
Road Traction,” by Mr. C. G. Conradi, was next 
read, and discussed. We commence printing this 
paper in full elsewhere in the present issue, and we 
therefore at once proceed to the discussion. 

Mr. L. A. Legros was the first speaker. He had 
found a few faults in the paper, chiefly those of 
omission. The author had, for instance, failed to 
give full reference in the case of the report issued by 
the Massachusetts Institute of Technology, yet 
many people, desiring more data than those quoted 
in the paper, would prefer to go to the original 
report. Mr. Conradi had touched upon the subject 
of the four-wheel drive. This drive had had a great 
vogue in America for heavy transport. It was very 
useful where the country was more than ordinarily 
hilly. It was a form of transport which, he believed, 
was likely to increase rather than remain stationary. 
Mr. Legros joined issue with the author in regard 
to chain tractors. The vehicle illustrated on Fig. 22 
of the paper was certainly one which had every 
conceivable defect, the plates separating, so that 
they could act as nut crackers, coming down at a 
considerable angle to the ground, while the return 
chain at the top was not straight or approximately 
straight. This return chain had a reverse curve, | 
so that it would require a guide on the top of the | 
plates, which were already awkward to manage. | 
Moreover, it had other defects, notably the absence 
of springs. If the chain tractor were not to do. 
serious damage to the road, it must be provided 
with springs or spring-truck frames, so as to dis- 
tribute the load more uniformly on a road surface 
which was not absolutely a plane. The other 
vehicle, shown in Fig. 23, was again very far from 
being comparable with ordinary American practice. 
The motor and clutch gear were exposed to wind and 
weather, and there was, apparently, no spring in the 
tractor. He might mention that in the develop- 
ments of tanks, the latest mark that had been 
brought out was capable of travelling at 17 miles 
an hour, and that was achieved because the springs 
enabled the chain to be pressed on to the road or 
surface of the ground at different points along its 
length. He agreed with the author that the use 
of chain tractors for agricultural purposes was 
hampered by the restrictions on road travelling 
imposed on such vehicles. In some cases road 
travelling was allowed, and he would mention the 
case of a 75-h.p. Holt vehicle, which was permitted 
to travel on the country roads, when going from 
one farm to another, provided the spuds were not 
used while travelling. 

Mr. Conradi had referred to the elimination of the 
differential. The invention of the differential dated 
back nearly a hundred years, and was first brought 
into prominent use by Starley. The figures which 
the author had tabulated showing the loss of power 
which resulted from locking the differential were of 
great interest. As far as he knew they were the 
first figures which had ever been published showing 
this loss as determined by experiment. It was 
useful to remember that the 7 per cent. to 12 per 
cent. of power lost was entirely expended in wearing 
out the tyres. Reference had been made by 
Mr. Conradi to the collection of goods, with a 
view to their despatch in common lots. As a 
railway man, the author would probably be aware 
that, on the Continent, a large business was done 
in grouping goods, arrangements being made for 
collection from the different countries, the goods 





being put into definite wagons, which were sealed, 
so that they might go through the customs frontiers 
of intermediate countries ; this applied particularly 
to Switzerland. He thought it probable that 
something similar might be adopted to avoid two 
great wastes, emphasised by the author, namely, 
that involved in the difficulty of finding a return 
load, so causing dead mileage, and that created by 
the time lost in stoppages. 

Mr. Thomas Clarkson felt that the author had 
dealt rightly, in the main, with the mechanical 
possibilities of handling the load. The actual 
application of power in various types of vehicles had 
received a great deal of consideration, but engineers, 
he felt, would have to focus their attention on this 
question of quick handling of the load. It should 
be seen that full load was provided all the time the 
vehicle was operating on the road. Empty return 
journeys put up the cost per ton-mile by 100 per 
cent. A great deal of work would have to be done 
to eliminate that waste. Some form of clearing 
exchange was, he thought, inevitable, but whether 
this work should be done by the Government was 
a moot question ; he was inclined to think it would 
be better done otherwise. As to types of propellant, 
steam, petrol or electricity, he could only touch 
lightly on the subject. In the paper that point was 
not treated as an important issue, and finality was 
yet distant. Much depended on the commercial 
aspect ; 1.e., the cost of fuel. 

Dr. H. S. Hele-Shaw reminded members of the 
three main problems connected with road traction, 
the loading, the locomotion, and the unloading. 
Great attention had been devoted to locomotion, 
but engineers had now to direct their ingenuity 
to the loading and unloading. In view of the 
wonderful inventions that had contributed to the 
present development of the vehicles, the neglect 
of the loading and unloading aspects was not 
surprising, since goods could still be handled in the 
primitive way. Recently, however, attention had 
been strongly drawn to the loading and unloading. 
The vehicle was a good tool, but one most in- 
adequately operated ; to engineers, however, it was 
pathetic to see a fine tool badly worked. With the 
old horse vehicle, hours were wasted in loading and 
unloading; but now, matters were on a different 
footing, for idle vehicles represented a large amount 
of idle capital. Dr. Hele-Shaw approved of the 
author’s opinion that the methods employed for 
handling goods were in most cases exceedingly crude, 
and that few serious attempts had been made to 
employ the apparatus already available or to evolve 
new methods and machines for saving time and 
labour. The principle of the container was one of 
chief importance. As an example he would remind 
members that it had for years been used in con- 
nection with passengers’ luggage on cross-Channel 
traffic. It was no longer necessary for the passenger 
to wait while the luggage was transferred piece- 
mea] from railway truck to steamer; it was now 
lifted off in the container and dropped on board. 

Mr. Gattie would no doubt be gratified to learn 
from Mr. Conradi that his scheme presented no 
difficulties from the engineering side, though requir- 
ing further consideration from the commercial and 
operating points of view. Mr. Gattie proposed to 
have all goods come into the city on containers, 
and to have them sorted and handled systematically. 
The subject under discussion, however, was the 
motor road vehicle, and in this connection, Dr. Hele- 
Shaw referred to the exhibition at the Agricultural 
Hall, as showing the progress that had been made 
in tipping wagons. There were, at that exhibition, 
all sorts of contrivances and ingenious arrangements 
for handling and shifting goods. One vehicle he had 
seen, for instance, might have a funeral hearse on it 
one day, and might the next day carry general 
goods. The speaker then referred to a desirable 
improvement in the way of running a vehicle gently 
at a slow speed, a reference prompted by the fact 
that he had learnt from one of the large funeral 
establishments at Manchester that the drivers had 
difficulty in keeping their motor vehicles at @ 
suitable slow pace. This point illustrated the 
variety of operation required from motor vehicles. 

Mr. Conradi had commented upon the importance 
of what he had called “ barrows.” All had realised 
the loss of time and labour which occurred in railway 








Nov. 28, 1919. | 





ENGINEERING. 








713 








station prior to the advent of electric trucks, which 
were able to move about, carrying large loads behind 
them, with only one man to operate them. Dr. 
Hele-Shaw had recently made acquaintance, through 
an advertisement, with a “‘ transveyor,” the equiva- 
lent of the American “ jack truck.” As Mr. Conradi 
had mentioned the Hardaker jack truck, he might 
pertinently explain the working of the “ trans- 
veyor.” This contrivance consisted of an in- 
expensive platform, which would rest anywhere, 
carrying the load for transference to the vehicle. 
In order to move the transveyor it was necessary to 
“* jack truck ” it, an operation carried out by running 
the truck underneath it and then raising the truck 
platform, which was done by pulling over a lever. 
This lifted the transveyor and the whole arrange- 
ment could at once be transported. 

Mr. C. W. Stamper, whose experience had been 
in the handling of goods in quantities, from and on 
to motor vehicles, referred to his detachable body 
system or loading truck, from which the body could 
be transferred from lorry to loading truck complete 
with its load. He confirmed the author’s remarks, 
to the effect that if goods were handled in some 
such manner much of the time taken—perhaps 
half to three-quarters of an hour—for a vehicle to 
pick up its load would be saved. He knew of big 
depots in which the average time of the vehicle in 
the depot worked out at three-quarters of an hour ; 
if, therefore, the transfer of goods could be effected 
in a quarter of an hour, the half hour saved would 
represent approximately 7s. 6d. to 10s., according 
to the class of vehicle and the amount of labour 
required to work it. 

Mr. A. W. Gattie spoke next. He remarked 
that the economy: of the clearing house method 
had two aspects. The first was the rapidity with 
which the load could be carried in a detachable 
container, removable quickly and smoothly. It did 
not matter whether the container were of the class 
mentioned by the last speaker or that referred to by 
Dr. Hele-Shaw. The South-Eastern Railway con- 
tainers had rollers underneath them, and could be 
rolled off the truck. At Folkestone, however, the 
containers stood solid on the railway truck, the 
rollers only coming into operation when the con- 
tainers were lowered into the hold of the vessel. 
The essential point was the removal of the container 
from the lorry in a minute or two, and that, after 
such removal, a previously-prepared container with 
its goods should be lowered on to the lorry, which 
would depart on its journey of distribution. Under 
present conditions it was not uncommon for vehicles 
to be detained at Smithfield for five or six hours. 
The London Parcels Delivery Company and Messrs. 
Carter, Paterson, also experienced considerable delay 
at the depot in exchanging an incoming for an out- 
going load—a serious matter, in view of the value 
of the machine detained. Such delays would not 
occur with the clearing-house system. 

In his early days the speaker had been an official 
of the Bank of England, and while there the clearing- 
house principle was forced upon his attention. 
Before the introduction of the Banks Clearing 
House, it was the practice, in an all-round trans- 
action, for 40 banks to call upon each other, each 
bank calling upon the other 39. Each clerk carried 
a satchel loaded with cheques, and returned with 
a quantity which he had collected from the other 
banks. The multiplication of 40 by 39 gave 1,560 
as the number of visits, involving time spent in short 
walks, Opening and closing doors, &c. With the 
advent of the clearing house, the visits were reduced 
to 40, a saving of 97 per cent. Mr. Gattie pointed 
out that if so great an economy could be effected 
where the time of clerks was concerned, such an 
economy was of much greater value when dealing 
with the case of expensive motor lorries and some- 
times goods. He had seen in a narrow street in the 
city, about 9 ft. wide, a number of horse wagons 
unable to move owing to the congestion, the goods 
having to be hand-trucked along the narrow pave- 
ment from the wagons to the warehouse. By the 
clearing-house method one motor lorry would be 
detailed for that street. Should it be necessary to 
unload the whole of the container at one place, it 
would be well to have a lifting or sliding device, 
whereby the load could be transferred bodily to the 
warehouse. In the printing trade this was regu- 





larly done. it reduced vehicle mileage enormously 
for a man to start from a centre and take all the 
goods for a particular street, thus avoiding the 
necessity of traversing, say, 20 streets to deliver 
goods at various places. Moreover, the man would 
be in the best position for making a collection of 
goods, since, in returning to the collecting house, 
he was going to the place whence goods could be 
despatched to all parts of the world. In con- 
clusion the speaker believed that, on thie system 
he proposed, the 100,000 vehicles employed in 
carrying goods in London could be reduced to 5,000 
vehicles. 

Mr. W. H. Patchell, member of council, remarked 
that Dr. Hele-Shaw’s reference to a motor hearse 
reminded him that friends of his who wished to 
transport a large model from Glasgow to Edinburgh, 
finding passenger and goods trains out of the 
question, actually employed a motor hearse for their 
purpose. 

Mr. E. Batten considered that had the author 
given the relative prices of fuels, Fig. 45 in the 
paper would have been of greater permanent value. 
He believed it would be generally recognised that 
road transport, from the engineering and mechanical 
side was in safe hands, and would continue to 
develop; general emulation among constructors 
would evolve the best type for efficiency. With 
regard to four-wheel drives, and the exception 
taken by Mr. Legros to Mr. Conradi’s contention, 
the speaker did not think that any one experienced 
in road transport would wish to adopt the four- 
wheel drive, on account of the extra complication 
involved, at any rate with the internal-combustion 
type; with the electric type conditions might be 
better. Further, he did not consider anyone 
would willingly adopt any caterpillar type for road 
traction, although in certain cases they might be 
constrained to do so. He had been asked by a 
forage merchant whether he knew of anything 
which would fetch hay from the stacks in the fields, 
and had advised that only a caterpillar could pick 
up the hay. Mr. Batten then proceeded to comment 
on the great advantage to be derived from road 
transport in the way of taking people to the land, 
so removing the occasion for many farmers to 
describe as “ bad ”’ the land which they had difficulty 
in dealing with. He took this view largely because 
it was noteworthy that there was no talk of “ bad” 
land near towns. Generally, Mr. Batten dwelt on 
the benefits that would flow from increased road 
traffic and from the provision of power and light 
along the main roads of the country. 

Professor W. E. Dalby referred to the definite 
figures given by the author, in which comparison 
was made of the power of the vehicle with the 
differential locked and with the differential in 
proper working. In this connection he thought it 
would add to the interest if particulars were given 
of the kind of road over which the vehicle was run. 
In an experiment of the kind undertaken by 
Mr. Conradi, the saving per cent. might work out 
at almost any figure if the car were run in a circle, 
as there would be slipping all the time between 
the wheels if locked, with the result that the tyres 
would be very badly worn. A rough plan of the 
road would afford some idea of the number of 
curves. A note on the road surface—whether cam- 
bered or flat—would also add value to the author’s 
figures. 

Mr. John Abbott called attention, in relation 
to the question of removing hay, to the pedrail, 
as a sound and workmanlike construction, which 
would, he thought, overcome many of the difficulties 
of the caterpillar tractor, in which gravel, for in- 
stance, was likely to work in between the many 
joints; Mr. Abbott did not share the fear of the 
four-wheeled drive expressed by previous speakers. 

Mr. G. M. Junner suggested the relief of traffic 
congestion in large towns by the adoption of a 
clearing-house for passengers. With regard to 
tipping, the author had not, apparently, given any 
figures of time occupied in tipping particular loads. 
He had made a rough calculation of certain tipping 
gear, and found that something like 72,000 foot- 
pounds of work was expended in merely tipping the 
load, and one man was expected to tip a load in 
two minutes. Certain designs enabled the whole 
load to be shifted backwards on runners and then 





tipped, when on the balance; this seemed a much 
better arrangement. 

Mr. 8. T. Williams said that the importance of 
road transport in the Midlands had been brought 
home to him by a recent visit thereto. A hundred 
years ago the district depended on canals, and 
works were still found on the banks of these canals. 
The railway system in that part of the country 
was poor, and engineering works were constantly 
springing up outside the concentrated areas. Con- 
sequently, these works looked to road traction for 
conveyance of their raw material and the finished 
commodities. This prospective road traffic pointed 
to the necessity of bringing the efficiency of the 
roads into line with that of the vehicles. The 
asphalte road surfaces were not capable of with- 
standing the wear of fast-running motor vehicles, 
such as that of a 3-4-ton lorry racing along at 
15 miles to 20 miles an hour. Mr. Williams also 
referred to the necessity of using high-quality 
material, properly treated, for axles and other 
vital parts of quick-running road vehicles. 

The Chairman observed that the paper indicated 

a field in which the British engineer should be 
employed more largely than he was. The engineer 
had practically ousted the horse, but not the people 
working, so to speak, round that animal. It was 
evident that there was yet greater need of the 
designer and engineer, in the important, but little 
recognised, necessity for improvement in the 
handling of goods. The discussion seemed to be 
directed towards containers, and he hoped, in this 
connection, that the small article would not be 
lost sight of ; not everything would go into con- 
tainers. Dr. Hele-Shaw had referred to the containers 
in which luggage was swung from railway truck 
to ship’s hold ; but in that case the goods had one 
destination, some port on the other side of the 
water. Things had, however, frequently to be 
carried to many destinations in one vehicle, and 
the needs of the small article should be considered 
as well as those of the large one. He had prepared, 
more than forty-five years ago, working drawings 
for a steam lorry for delivering coal, and he had put 
in what was probably a novelty then—a crane, 
mounted upon the vehicle, which could swing out 
goods. He felt there were many cases in which 
that could still usefully be done. 
-* Mr. Conradi then replied to the discussion. 
Mr. Legros had taken him to task with respect 
to the four-wheel drive, but he (the speaker) felt 
he must adhere to the opinions he had expressed 
in the paper ; i.¢., that it was questionable whether 
conditions in this country were severe enough to 
warrant the extra expense in first cost and main- 
tenance occasioned by the adoption of this design 
of vehicle, although it had much to recommend it 
in the case of heavy tractors. The general aim was 
the improvement of motor and other forms of 
traction, and the roads would doubtless be rapidly 
improved ; therefore, he saw little need for the 
four-wheel drive. The extra complication must 
mean increase in maintenance cost. He thought 
Mr. Legros was really in agreement with the state- 
ment that vehicles constructed on the caterpillar 
or track-laying system were not likely to come 
into use for general purposes, and would no doubt 
be restricted to work on bad roads and rough lands, 
or for military purposes. The multiplicity of small 
joints in the best design of track-laying machine 
would put it “ out of court’ from the commercia 
standpoint ; and whether or not a thing paid was 
the paramount question. 

With regard to Mr. Clarkson’s reference to 
organised road transport freight exchanges under 
a Government Department, he had meant, in the 
paper, to imply that the actual working should be 
left to the commercial people. To bring the latter 
together, however, there was but one quick way— 
a Government Department. Mr. Gattie’s remarks 
only emphasised the need, which the speaker had 
endeavoured to indicate, for making use of all 
labour-saving devices. He might possibly join issue 
with Mr. Gattie as to detail arrangements, parti- 
cularly outside the proposed clearing-house. In 
answer to Mr. Batten’s request that the cost of the 
fuels used in connection with Fig. 45 in the paper 
should be given, he would say that the figures were : 





for current, 14d. ; for petrol, 2s. 6d.; and for coke, 
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30s. As Mr. Batten had pointed’ out, the four- 
wheel drive was readily obtained with the electric 
vehicle. With regard to the availability of electric 
current, if Mr. Batten would refer to the map he 
would see that the roads, canals and railways ran 
more or less parallel, so that if electric supply were 
taken down the railways, it would not be far away 
from the main road arteries. 

In reply to Professor Dalby, the tests on the 
locked and free differential were carried out over 
the same piece of road, by the same driver, and, as 
nearly as possible, under exactly the same weather 
conditions. The speaker could put in a diagram 
showing the route and the number of turns, right and 
left. The tests were carried out in dry weather with 
practically no wind. The greater proportion of the 
road was of tar macadam with a very good surface. 
As a matter of fact, he had tried, after completion 
of the tests, to turn round in a circle, and broke 
the live axle in so doing. Replying to Mr..Junner, 
the author said the power and time taken in tipping 
loads was not a vital one; usually a 1-h.p. motor 
was required and the time cccupied was about 
three-quarters of a minute. In the hand-operated 
gear the speaker had alluded tc the load was run 
out to the rear of the vehicle, until it was practically 
balanced; it was then tipped under control of 
toggle levers. A man could easily operate that gear 
and tip a load of five tons in two minutes. 

The Chairman, Mr. Mark H. Robinson, then 
closed the proceedings, announcing that arrange- 
ments had been made for reading and discussing 
Mr. Conradi’s paper at Manchester on Thursday, the 
27th inst., and also at Sheffield on Friday, Nov- 
ember 28th. 
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THE PRESENT POSITION OF MECHANICAL 
ROAD TRACTION.* 
By C. G. Conrant, of Derby, Member. 


Transport of all kinds has become of such over- 
whelming importance to all members of the community, 
both individually and collectively as affecting the welfare 
of the Empire, that no apology need be made for bringing 
the question of m cal road traction under general 
review at the present time. All branches of inland 
transport, namely, railways, roads and waterways, are 
n to our national life, especially as regards the 

oods traffic and more particularly as regards the 

andling of the goods, apart altogether from the mere 
haulage of the same from point to point. The actual 
— of the power to the trains or vehicles on 
railways and roads is ormed more or less in an 
efficient manner, and further pi is continually 
being made, if only slowly ; but the methods employed 
for handling and carrying the goods are in most cases 
exceedingly crude, very few serious attempts having 
been made to employ the sagen already available 
or to evolve new methods and machines for the saving 
of time and labour. 

Comparisons between haulage by canal, rail or road, 
are frequently made nowadays, but surely the correct 
conclusion is that each has its sphere of usefulness, and 
efforts should be made rather to control the whole so as 
to prevent overlapping and consequent waste. The 
pod with which we are particularly concerned at the 
moment, would naturally, one would expect, act as 
feeders to the other two systems, and it is also on the 
roads that short-distance traffic would be carried. Where 
full loads can be obtained, thé road vehicle working direct 
from door to door, with the consequent elimination of 
handling, is bound to score heavily over the railways 


}on the shorter hauls, and under certain circumstances 


even on long hauls. A service, for instance, 
already exists between Nottingham ard London, Birming- 
ham and London, and between Lancashire and Yorkshire 
towns, whilst various Chambers of Commerce have 





*Paper read before the Institution of Mechanical 
Engineers, on Friday, November 21, 1919. 


Fig.4. PULLEY-BLOCKS SUPPORTING FLAT 
BODIES TO BE LOWERED ONTO VEHICLES. 
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formulated schemes for the co-operative handling of the 
traffic of their members by means of road transport. 
One of the t difficulties in the way of the economical 
operation of this traffic is the obtaining of full loads in 
both directions, and the constitution of freight exchanges 
becomes a ity. A ful pioneer is that estab- 
lished by the Manchester Chamber of Commerce, which 
it is understood is now operated as a private concern, 
and similar bureaux should be set up in all the large 
centres with a view not only to providing a means of 
exchange between owners and users of vehicles, but of 
regularising the charges and co-ordinating the work 
of all such centres. It is probable that such an —- 
tion would best be carried out by the Ministry of Ways 
and Communications. 

Road haulage contractors are, however, soon involved 
in the same difficulties as the railway companies when 
miscellaneous traffic is to be dealt with, as terminals 
with large collecting and sorting accommodation have 
tobe provided. Proposals such as have been put forward 
by Gattie for collecting and delivering miscellaneous 
parcels and goods traffic have much to commend them 
theoretically, but, although they do not present any 
difficulties on the engineering side, they appear to require 
further consideration from the commercial and operating 
point of view before any hope can be entertained oi 
practical success. 

There are two elements which constitute the system 
of road traction, namely, the roads and the vehicles 
which operate upon them. The former do not enter 
directly into the province of the hanical 
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and it is not proposed to deal with them here; but it 
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may be noted in passing that the condition of the road 

aces affects very largely the economical operation 
of the vehicles, and therefore becomes a highly important 
factor in the national economy. 

Engineers who have been dealing with the maintenance 
of motor vehicles during the last few years know how 
the increasingly bad condition of our roads and streets 
has swelled the total of failures and brought the repairs, 
costs and time-out-of-service up to abnormal dimensions. 

The report of the Department Committee appointed 
by the President of the Local Government Board to 
consider the question of motor road traffic goes to show 
that not only has motor traffic undoubtedly done damage 
to the roads, but also that the roads are largely unsuited 
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LoaD ON DEMOUNTABLE Bopy IN COURSE OF TRANSITION FROM 
Grounp To ExEcTric CHassis (Episox) wirH SELF-CONTAINED LIFTING 
GEaR, OPERATION COMPLETED IN 2} MINUTES. 


Fig. 11. REMOVABLE BODY SYSTEM'(D.C.C.) WITH 
ALIGNABLE FRAME ON HORSE LORRY. 


Animal Traction.—It is obvious that animal traction 
has a very limited field, and, on account of the low ee 
and wh mileage ible per day, it must be confined 
to short hauls ; 4 seme on the other hand, its low first 
cost makes it difficult of replacement by mechanical 
haulage for certain classes of frequent-stop delivery 
work. When all expenses have been duly charged 
against animal traction, or, as we know it, horse traction, 
it has been found that in practically all spheres of 
operation it is more ex 
pensive and less efficient 
than motor traction, its 
best relative performance 
being as indicated above 





of the necessity for the operation of motor transport on 
scientific lines so as to ensure economic success. 

Much of the traffic congestion in our large towns is 
due to the slow-moving horse, and the only practical 


means of speeding-up the bulk is to eliminate the horse 
altogether from the most congested areas. This would 
no doubt come about automatically in course of time, 
but meanwhile the waste of time and energy continues. 
Slow-moving traffic might be prohibited from using the 
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Fig. 12. Loap on D.C.C. Bopy 1x course or TRaNsITION FROM 4-Ton Lorry (EpIson) 
To TENDER LorRy, OPERATION COMPLETED IN 2} MINUTEs. 


» withstand the wear and tear to which they are now 
subjected by this class of traffic, the obvious conclusion 
being that road engineering has not kept pace with the 
requirements of the times. It has also been shown that 
the damage done to the roads, excepting the case of 
those of water-bound macadam, was mostly due to the 
iron and steel-tyred traffic, which points to the necessity 
of equipping our vehicles as far as possible with some 
form of resilient wheel or tyre. The above-mentioned 
report gives certain information and recommendations 
as to speeds, axle weights, wheel dimensions, &Xc., and 
those interested may obtain copies from H.M. Stationery 
Office. 


in very short haul traffic with numerous stops, a 
service which is suitable to its low s and radius 
of action. This can be readily understood, as the 
capital costs in the case of a horse and its compara- 
tively inexpensive vehicle are low, whilst the repairs 
item is almost non-existent. Edison is reported as 
having characterised the horse as the poorest motor ever 
built, and credits it with an efficiency of 2 r cent., 
whilst the author finds that a heavy railway dray horse 
has an average thermal efficiency of slightly over 1} per 
cent. The displacement of horses, however, by motors 
should not be undertaken too lightly nor without a full 





investigation of each case and the proper appreciation 


Fig.10. LOADING TRUCK 
BODY BEING TRANSFERRED FROM TRUCK TO LORRY 





3-Ton Loap BEING TRANSFERRED TO Motor LORRY FROM 
LoapinG TRUCK. 


(SraMPER. ) 


(STAMPER). 


<< 


most badly-congested streets during certain periods of 
the day. and the stream might with very great advantage 
be made unifiow in the narrowest ones, as has been done 
in the case of tramways in some towns, and also at the 
front during the war, whilst the construction of subways 
to take care of cross streams would materially assist 
matters. 

The present situation could also be considerably eased 
if traders could be persuaded to arrange to accept goods 
earlier in the morning, but it is recognised that hay have 
substantial reasons for objecting to do so. 

One frequently hears it stated that motors cannot 
compete with horses on short hauls, but this is not the 
fault of the motor so much as the method of application. 
The motor truck is a time-saver ; it will carry the same 
or a greater load much more quickly than horses, but 
it is only a time-saver when moving. Hundreds of 
motor vehicles are not moving for as great Fg sy 
of their time in commission as they should, and are 
therefore not as economical as they might be.* The 
diagrams shown in Figs. 1 and 2 have been taken from a 
report on road transport issued some time ago by, the 
Massachusetts Institute of Technology, and are Caosa 
on 100,000 individual observations and owners’ records 
during a period of.four years. The width of the cross- 
hatched areas for electric and petrol motors shows the 
effect upon total expense of variations in the charges 
for electricity from 2. cents to 4 cents per unit (1d. to 2d, = 
100 per cent. variation) and in the cost of petrol from 
12 cents to 20 cents per gallon (6d. to 10d. = 70 per cent. 
variation). Actual money results must now be modified, 
but the author’s experience goes to show that the relative 
positions of the curves have not materially altered 
except by way of improving the position of “ The 
Electric.” It will be observed from these curves that 
the horse is shown to have a slight advantage over even 








*L. Brockman, “Self-Propelled Electric Vehicles.” 
Trans. Institution of Engineers and Shipbuilders in 
| Scotland, January, 1917. 
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the electric vehicle on the heavier work within a radius 

of 2 miles, but better methods of operation can reverse 

this position in the majority of cases. : 4 
Time lost in loading and.unloading is responsible in 


on horse-pace methods. 














Fie. 13. 6-Ton WaGon anp TRAILER (SENTINEL). 





Cars Separated. Cars Coupled. 


Fie. 16. Automatic CoupLeR in UsE ON SMALL WAREHOUSE TROLLIES. 














Fie. 18. Street Ciueanrne TRACTOR AND SEMI-TRAILER (G. Y. Co.). 





Fie. 20. 40-H.P. THornycrort Tyrz Inpian Lorry, with 
2-WHEELED TRAILER. 


almost all cases for motor inefficiency and for the fact that it only makes money 
that in some instances the cost per unit delivered is | if moving. 

greater than with horses. Great waste takes place 
annually because users have not installed modern time- 
saving devices in connection with their motor service, 





and it should be recognised that motor traction cannot 
be made a commercial success if it is still to be operated 
In too many cases the same 


methods of loading and unloading as obtained with 


them, and advan ; 
apparatus which will cut down the time lost in loading 
or unloading or enable the vehicle to carry a greater load. 


© should be taken of all accessory 


Cost of Mechanical Traction.—A normal day’s work 








Fie. 14, Treprna. 





Fie. 15. Wrra Steering GEarR. 


TRAILEPS (BRISTOL WaGon Co ). 





MEM; ‘Fic. 17. Tracror, wir Sem-Tramer (Knox). 





UNCOUPLED AND COUPLED. 





Fie. 19. 4-WHEEL Reruszs WaGon, DRAWN BY ELECTRIC TRACTOR 
(Lioyp), wiTfk REAR WHEELS LirTEeD orF GROUND. 


horse haulage are con- 
tinued when a change to 
motor haulage is made, 
no cognisance being taken 
of the fact that the high 
standing charges of the 
motor are still going on 
whilst it stands idle, and 


if saving time and therefore 


The comparatively high capital cost of all mechanically 
or electrically-propelled v: 
working day necessitate the fullest use being made of 


icles and the shortened 





of 10 hours for a vehicle used in town delivery work, 
may be analysed as follows: Running 3 hours, meal 
1 hour, loading 3} hours, unloading 2} hours, from 
which it is seen that by saving even only 1 hour out of 
the two latter items the running time (which is the true 
money-earning portion) can be increased by 30 per cent. 
Such savings can be more easily realised perhaps by 
taking the actual case, say, of a 3}-ton vehicle costing 
1,000. The capital and driving charges of this machine 
would amount to roughly 300/. per annum, or 2s. 6d. per 
hour whether moving or standing, to which must be also 
added the loss in earning capacity. Fig. 3, page 714, 
shows the effect on cost per mile of increasing the miles 
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run per day or the average miles per hour taken on the 
total time in commission, that is, without lengthening 
the working day, but by decreasing the standing time, 
the vehicle is made to do more work, and the standing 
and driving costs are therefore spread over a greater 
mileage. . 

The engineer is still, however, helpless in the face of 
existing haphazard methods of operation where ‘‘ waiting 
turn” at docks, warehouses, &c., is still in vogue, with 
consequent idleness and waste of time. Pooling has been 
proposed, and with it there apparently comes the necessity 
of standardisation, to a certain extent at least, of body 
design, floor height, &c., whilst the ible use of 
removable bodies should not be lost sight of. Various 
means have been proposed for increasing the efficiency 
of motor traction, and an examination of these might 
prove useful. 
yt Time-Saving Devices for Loading and Unloading.— 
Since the average vehicle loses more time at the loading 
point than at any other part of its route, devices which 
assist rapid loading are perhaps most numerous. Remov- 
able bodies or variations of the demountable principle 
are probably the most effective of such devices, and 
isolated cases have been in use for a considerable number 
of years. The “ Lancashire” flat, for instance, as used 
for concentrated heavy loads of linoleum and cotton 





Fies. 22 anpD 23. 


Fig’s. 21.and 2% to29. 
SKETCHES OF DEVICES FOR 
QUICK LOADING AND UNLOADING,ETC. 





goods, and lifted off by the ordinary goods yard cranes 
has been in operation for at least twenty years, whilst 
removal contractors have made use of the system by 
arranging for the bodies of their pantechnicons to be 


nade detachable. It is obvious that if an extra body can 
be left at the loading dock to be dealt with whilst the 
ehicle is out on its round and satisfactory means are 
provided for changing the bodies, the delay to the motor 
will be reduced to a minimum. It will usually be 
found sufficient to employ three bodies—one loading, 
one in transit on the vehicle, and one unloading at the 
other end of the route. 

A simple arrangement illustrated by Fig. 4 is to 
provide plain flat bodies and sets of pulley blocks which 
are suspended from the roof of the warehouse, and for 
nen to lower the bodies on to the vehicles when these 
have been backed into position. The Curtis Publishing 
Vompany are reported to have increased their ha’ e 
per day on four vehicles by 14 tons by this means, which, 





however, is open to the objection that a considerable 
amount of labour is required for lifting and lowering the 
bodies. This arrangement is also only applicable where 
a strong roof or overhead structure is available whilst 
the lifting gear confines the loading to fixed points and 
would have to be provided for each body injuse. An 
improvement on this}was designed by the author some 
time ago in which the lifting gear was embodied in the 
motor chassis, the lifting gear then being always available 
irrespective of position, and the bodies were supported 
at one end by sling chains from the roof and at the other 





page 715, shows the operations in detail of picking up a 
oaded body. The lifting gear is driven by a separate 
small electric motor which is arranged with an automatic 
cut-off to prevent overrunning. To provide for easy 
entrance of the chassis under the body, the front legs 
of the latter are made to pull out to give additional 
clearance (position 1, Fig. 7), and when pushed in to the 
normal position present no obstruction in traffic 
(position 3). The provision of lifting gear of this 

escription allows the driver to discharge a loaded body 
and take on another in a very few minutes unaided and 


on the edge of the loading deck, as shown by Fig. 5, | with no special exertion. 


page 714. Where the 
roof is strong enough 
to carry the weight, 
and there is no neces- 
sity to move the 
bodies from the load- 
ing point until required 
by the motor vehicle, 
this is a very satisfac- 
tory method and much 
the quickest in opera- 
tion. If it is necessary 
to move some of the 
loaded bodies to pro- 
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vide space for others, they can be accommodated on 
stands, as shown by Fig. 6. 

In an extensive system using such an arrangement of 
body, a on slow-speed electric vehicle which might be 
designated the conveyor, and used to lift, convey and 
= the bodies as dealt with, could in the case of 

ilway transport supply the link between the wagon 
and the road vehicle without any upheaval of existin 
methods or the provision of expensive machinery Pe 
buildings. Full loads between stations would be dealt 
with on the same bodies, but by employing overhead 
cranes for the transfer from rail to conveyor or road 
vehicle. 

A further modification, and one used where no means 
exist for supporting the bodies, consists of providing 
special legs with hinged feet which are turned up out 
of the way to give clearance when travelling. Fig. 7 
shows such a body as fitted to a 2-ton electric vehicle 
by the Edison Accumulator Company, whilst Fig. 8, 











Several methods employing bodies which can be rolled 
off are in use ; one, for instance, is that shown in Fig. 9, 
page 715, and Fig. 10, and known as the Stamper loading 
truck.* In this system at each end of the journey a 
truck or trolley is provided on to which the body is 
transferred from the lorry by Fanny of ——— he 
truck is arranged with a stan type of fo i 
and draw quer whials enables it to be moved if desired. 
The truck has no springs, so that the height remains 

tant, and iste of a framework ‘provided on the 
top with a number of rollers, a similar set of rollers being 
fixed on the motor chassis. = tail wn of the truck is 
formed with slopi: ide plates which engage with 
rubbing plates atrached to the rear of the motor vehicle, 
so that when backed together their heights and that of 
the two sets of rollers are the same. A certain amount 
of play is also allowed on the axle arms to facilitate 


* See ExcrveertnG, March 30, 1917. 
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centring. On the under side of the body four angle irons | 


are fixed lengthwise, which act as runners and prevent 
side movement. The method of operation is, for the 
motor om A on its arrival at the loading point to back 
up to the loading truck so that the foot irons enter the 
guides on the rear of the truck, and on further backing 
taking place the foot irons slide up these, so ensuring 
that the two platforms are brought to the same height. 
By means of the winch on the motor, the body can then 
be drawn across into position where it is automatically 
locked as it passes over a pair of spring-operated bolts. 

Another system, using tender lorries and designed 
with a view to obviating trouble in obtaining accurate 
alignment between the two vehicles for the transfer of 
the bodies, is that illustrated in Fig. 11 and Fig. 12, 
page 715, and known as the D.C.C. system, the inventors 

eing Messrs. Dalziel. Crocker and the author. The 
main underlying idea in this case is the provision of a 
loose frame carrying the body, and which can be twisted 
in any direction or traversed across so as to bring its 
rails into true alignment with those of the other vehicle, 
the two vehicles having previously been only approxi- 
mately and quickly placed in alignment. The rollers 
in this system are fitted to the bodies, which run on 
rails carried by the vehicles, whilst disused horse lorries 
are generally made use of as the tender vehicles. Short 
telescopic rails connect the two vehicles ‘and the rails 
on the tenders are formed into loose frames carried on 
rollers and controlled by levers and chains from either 
side. In this case after the vehicles have been ——- 
positioned and the connecting rails dropped into their 
sockets, one or both ends of the frame carrying the rails 
on the tender are drawn across until the rails are in 
alignment with those on the motor vehicle. It will be 
readily seen that an operation such as this is necessarily 
much quicker and easier than trying to meet the same 
end by see-sawing the motor back and forward. A 
feature of the D.C.C. system is that the body can be taken 
off or put on to the tender lorry at either end, whichever 
happens to be handiest at the moment. With any of 
these foregoing arrangements, bodies can be exchanged 
in a few minutes, and an added advantage from the 
loader’s point of view is that the loading can be carried 
out at his convenience and to the best advantage. In 
some cases it is desirable that bodies which have been 
dealt with should be removed from the loading deck to 
make room for others, and, when tender lorries are in 
use, this can be readily accomplished by a horse or 
cheap form of tractor. The warehouses and yards of 
private traders, however, may not allow of the use of 
tender vehicles, in which case the frames for alignment 
may be placed on the decks so that the bodies may 
form part of the floor space. By such an arrangement 
one of the objections to the Gattie system, namely, the 
difficulty of handling the containers at the average 
trader’s premises, can be readily overcome. 

Trailers.—W hat amount in effect to removable bodies 
are the trailers, semi-trailers and road trains, whilst 
they have the advantage under favourable circumstances 
of enabling a greater load to be hauled by the same 
power unit. Quite extraordinary claims have been made 
for the performance of trailers, especially in America, 
and no doubt for bulk loads and on easy routes they 
have their place, but the wholesale adoption of trailers 
behind ordinary vehicles carrying loads cannot be 
justified, as a trailer takes power to haul it, reduces the 
speed of working, accelerates depreciation of the 
mechanism, and increases tyre wear. In this connection 
the law regulating the construction and use of trailers 
has done much to limit their adoption, the main points 
to which exception may be taken being that the speed 
of a motor vehicle hauling a trailer must not exceed 
5 miles per hour, and that it must not haul more than 
one at a time. 

There is no reason whatever why trailers should not 
be operated safely up to 10 miles per hour, and this 
would at one sweep double the nominal capacity of the 
combination for doing work, and by fitting them univer- 
sally with rubber tyres no more damage would be done 
to the roads. For bulk loads, trailers or road trains 
drawn by suitable tractors form a very economical 
combination, but their use in congested areas should be 
confined to night work. The tractors for such work 
must be specially designed, as they require to be very 
robust to withstand the sudden and violent strains to 
which they are stbjected in starting and braking the 
trailing load, whilst in tractors of the .nternal-combustion 
type, as the power unit is run more nearly at full load 
for considerable periods than is the case in ordinary 
vehicles, particular attention should be paid to the 
cooling surfaces, and it is also usual in this type to provide 
more than the usual number of gear changes. A com- 
parison between the full trailer and the semi-trailer is 
interesting as showing the work for which each type is 
most suitable. The full trailer, examples of which are 
shown in Figs. 13, 14 and 15, 716, is a separate 
vehicle on four wheels, and can more readily left for 
loading and unloading whilst the tractor is away on other 
work, but the combination has the disadvantage of 
being very deficient in manwuvring properties, especially 
in backing. This has been got over in trailers of the type 
Fig. 15, 716, by the provision of individual steering 
gear and, when desired, forecarriages at each end which 
can be locked at will. In the one shown the draw bar 
is locked to the forecarriage by a pin, when being hauled 
forward, and the hand steering gear disengaged by means 
of the clutch seen just above the platform, whilst in 
backing the draw-bar is left free and the movements of 
the trailer directed by the hand steering gear. Trailers 
of this type can be readily adapted for use with tipping 
bodies as is shown by Fig. 14. It should be noted that 
draw gear for trailers should be constructed with double- 
— springs to take care of the starting and braking 

ocks. 
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Semi-Trailers.—With the semi-trailer the tractor 
partly carries and partly hauls the load, the front end 
of a two-wheeled vehicle being carried on a platform 
directly over the rear or driving wheels. About 40 per 
cent. of the load is usually m in this manner, the 
remaining 60 per cent. being carried on iron-tyred wheels. 
A load of 10 tons can be easily dealt with by this com- 
bination without the truck having to be made excessively 
heavy, as it otherwise would be if designed to carry the 
total load, if that were feasible under axle-weight 
restrictions. Additional load on a semi-trailer provides 
additional adhesive weight, but never more than 40 per 
cent. of the total. The three-axle arrangement thus 
obtained is allowed to run up to 12 m.p.h.; it is more 
compact than the four-axle with two independent 
vehicles, and much easier to manceuvre, being somewhat 
on & in this t with a horse and lorry, although 
the ——e action of the horse can never be wholly 
equalled. By propping up the front end, the trailer may 
be left for loading or unloading, but this operation takes 
more time than the uncoupling of a four-wheel trailer, 
with which, however, there is always the danger of a 
man being crushed. For this reason some form of 
automatic coupling is advisable, which should then be 
arranged for release by the driver without his having to 
leave his seat. A coupling of this description in use on 
small warehouse trollies is shown in Fig. 16, page 716, 
and described in The Railway Gazette, of January 12, 
1916. Some modifications of this design would be 
required to meet the higher speeds and greater weights 
encountered in road haulage. 

A typical example of the semi-trailer combination is 
shown in Fig. 17, page 716, which is a Knox tractor of 
7 tons capacity in use by the Great Western Railway 
Company. The tractor is so constructed that its chassis 
proper ends at the chain-drive sprocket cross-shaft ; 
the rear axle is attached to this chassis through the 
medium of the radius rods and the weight of the rear 
end of the chassis is carried on it by the rear ends of two 
long cantilever springs. The rear axle and wheels are 
therefore an entirely separate unit so far as carrying the 
load to be hauled is concerned. A separate frame cross- 
braced and carrying a central pivot for receiving the 
semi-trailer pin is mounted upon two stiff semi-elliptical 
springs, which are in turn anchored to the rear axle. 

he front end of the semi-trailer is thus carried by the 
rear wheels of the tractor only; the more flexible 
springing of the tractor chassis proper remaining constant 
and.independent of the load carried on the semi-trailer. 
The legs of the trailer hinge up under the body when the 
latter is in the running position. An electric tractor 
and semi-trailer refuse wagon, as made by the General 
Vehicle Company is shown in Fig. 18, page 716, the 
connection being made by a rocking fifth wheel and 
cone bearing on the tractor with the cup on the trailer. 
Fig. 19, page 716, shows an interesting variation of the 
three-axle arrangement with four-wheel tractor and 
trailer. This is a four-wheel refuse wagon drawn by a 
Lloyd electric tractor, which, after coupling-up, has its 
rear wheels lifted off the ground by means of a screw gear. 
Such a combination gives a three-axle machine with good 
mancuvring qualities, but necessitates a front-wheel 
drive and steer, which is obtained by fixing an electric 
motor directly to each front wheel which is driven by 
internal gear. This is the Mossay system used in the 
construction of the smaller-sized ‘ Orwell” vehicles 
built by Messrs. Ransomes, Sims and Jefferies. 

It has not been found advisable to use four-wheeled 
trailers with petrol vehicles for the reasons already given, 
but numbers of two-wheeled trailers have been employed 
for special military purposes, such as for the conveyance 
of aeroplanes, &c. Fig. 20, page 716, shows a Thorny- 
croft lorry with standard body and two-wheeled trailer 
used by the Government of India. The trailers are used 
on the plains and the lorries alone in the hilly regions 
on the Afghan frontier. Another method which has 
been adopted to enable greater loads to be dealt with is 
the four-wheel drive, in which 100 per cent. of the weight 
is used to give adhesion for driving, instead of the 75 per 
cent. which may be considered as the usual maximum 
with the ordinary two-wheel drive. 

It is very questionable, however, whether the con- 
ditions in this country are ever severe enough to warrant 
the extra expense in first cost and maintenance occasioned 
by the adoption of this design of vehicle, although it has 
much to recommend it in the case of heavy tractors. 
Fig. 21, page 717, illustrates the capabilities of a four- 
wheel drive petrol vehicle. Vehicles constructed on the 
caterpillar or track-laying system are not likely to come 
intd use for general purposes, and they will no doubt 
be restricted to work on bad roads and rough land or for 
military purposes. The question of cross-country 
transport was at one period of the war of very vital 
importance, and as the tank construction was not 
suitable for such work, the tractor illustrated by Figs. 
22 and 23, page 717, and known as the ‘‘ Newton,” was 
evolved. It was designed for mass production at a low 
cost, and had the war continued it would have been 
turned out to the number of some 20,000; its construc- 
tion in quantity had, as a matter of fact, already been 
begun, and a few hundreds had been completed when the 
armistice was signed. The idea underlying the design 
was the utilisation of standard peace time material, 
such as conveyor chain links, motor-car engines, boiler 
plates, &c., all of which could be procured and produced 
easily in large quantities. These vehicles had a very low 
intensity of ground pressure, and with the addition of 
a few sand bags would have been capable of carrying 
men and materials quickly and comparatively safely into 
the enemies’ territory over the worst of ground surfaces. 
Fig. 22 shows the first experimental tractor, whilst 
Fig. 23 shows it as finally produced. The objection for 
commercial work to all machines of this type constructed 
on the track-laying principle is thé heavy upkeep due 





to wear and tear of the multiplicity of joints, a con- 
struction which does not appear to be readily capable 
of improvement. In cases where demountable bodies 
or trailers may not be applicable, other means may be 
utilised to assist in quick loading, such as overhead 
cranes and runways, spiral and straight chutes, con- 
veyors of various types, and hand and electric baggage 
trucks with elevating platforms. Little need be said as 
to the details of these various devices which are familiar 
in other branches of engineering and contracting work. 
Figs. 24 to 29 are self-explanatory and illustrate the 
Pee of some of these aids to quick loading, most 
of which can be utilised for the reverse operation, namely, 
that of unloading. 
(To be continued.) 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Iron and Steel.—According to representative manu- 
facturers, there exists no bigger impediment to industrial 
progress than railway delay and wagon shortage. 
{Information compiled by five of the largest iron and 
steel firms in Sheffield covering a period of one month, 
shows that the bulk of journeys that normally should 
be completed in 24 hours are occupying from two to 
fourteen days. One local manufacturer has had goods 
waiting six weeks for Glasgow, and in another case, 
three trucks of goods were actually despatched to Cleck- 
heaton, and on arrival there the station refused to accept 
and the wagons were returned to the starting point. 
In view of the daily complaints made by South Yorkshire 
business men, the Sheffield Chamber of Commerce has 
made strong representation to Sir Eric Geddes, who has 
now promised a more efficient supply of empty trucks 
to the Sheffield industries. The position in the engineer- 
ing trades gives cause for genuine anxiety. The prospect 
of an early settlement of the moulders’ strike appears 
to have vanished, and with it the chance of securing 
valuable business. Works are running short time, 
stocks of castings are dwindling to the point of exhaustion, 
and steel producers are hampered for want of moulds. 
If the situation does not quickly improve, it is probable 
that advantage will be taken of the Christmas holidays 
to set down for a considerable period. In contrast, 
business in railway, tramway and automobile steel is 
more active than at any period since the armistice. 
Foreign buyers are coming forward freely, and altogether 
requirements of manufactured steel’are on a wide and 
promising basis. Makers of railway axles, springs 
and tyres are able to show much more satisfactory 
order books, not only on home account, but also largely 
as a result of increased Colonial purchases. At the 
rolling mills, conditions are becoming congested, and 
employers are revising working arrangements so as to 
expedite output. Though Sheffield plays a moderate 
part in the manufacture and supply of motor vehicles 
complete, by far the greater tonnage of motor steel 
produced is for automobile makers in other parts of 
the country and in France. These are working under 
great pressure to wipe off heavy arrears, and are pressing 
local steel rollers for increased deliveries of semi- 
manufactured material. Business in eng neers’ tools is 
rather slack, but this is largely counterbalanced by the 
brisk demand for files and saws. Wage advances have 
brought about a further increase in quotations for steel 
billets, ranging from 10s. to 20s. per ton. Siemens acid 
are now offered at 201. 2s. 6d., Bessemer acid at 
191. 2s. 6d., hard basic 171., and soft basic 16/. 10s. 


South Yorkshire Coal Trade.—Collieries have placed 
substantial orders with wagon builders for rolling-stock, 
and if deliveries are kept within the provisions of con- 
tract specifications, considerable relief should be brought 
to the coal trade within the next two or three months. 
At the moment, operations are restricted more on 
account of the wagon shortage than owing to deficient 
output. The strength of the demand for steam fuels 
of all descriptions emphasises the renewed pressure of 
activity in the iron and steel trades. Shipments via 
the Humbe? are rather more robust, but the bulk of the 
output is reserved for home requirements, and in many 
cases is sufficient only to keep works running on day- 
to-day supplies. Similar conditions obtain in regard to 
house coal. The demand continues much in excess of 
the available tonnage. On the Coal Controller’s instruc- 
tions preferential treatment is being meted out to 
Metropolitan consumers. Local merchants are much in 
arrear with orders. Cobbles, nuts, slacks and coke are 
all firm at top rates. Quotations :—Best branch hand- 
picked, 33s. to 34s.; Barnsley best silkstone, 33s. to 
33s. 6d.; Derbyshire best brights, 31s. to 32s.; Derby- 
shire house coal, 28s. 6d. to 29s. ; Derbyshire best large 
nuts, 28s. 6d. to 29s. 6d. ; Derbyshire small nuts, 27s. 6d. 
to 28s. 6d. ; Yorkshire hards, 28s. 6d. to 29s. 6d. ; Derby- 
shire hards, 288. 6d. to 29s. 6d. ; best slacks, 24s. to 25s. ; 
nutty, 23s. to 24s. ; smalls, 19s. to 20s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—Some surprise has been 
created this week by the announcement of a 3s. 6d. 
advance in the price of No. 1 Cleveland pig-iron. That 
the rise was unexpected is borne out by the fact that 
shortly before makers decided to put the price up, at 
least one transaction was recorded at the old figure. 
Just at the moment, however, the change is not important 
as there is very little No. 1 iron available for sale. All 
foundry iron continues scarce, notwithstanding reduced 
local consumption. Demand from Scotland is as heavy 
rtion 
iveries 





as ever, and consumers there are taking a fair p 
of forge iron, which quality ie quite abundant. 
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of Cleveland pig-iron to customers North of the Tweed 
are limited only by the truck position. For home 
consumption, No. 1 Cleveland pig-iron is now 167s. 6d., 
but No. 3 g.m.b., No. 4 foundry and No. 4 forge all 
remain at 160s. Export prices are 5s. above these 
rates. 


Hematite Iron.—There is an easier feeling in East 
Coast hematite. Local steelworks would take more if 
the trucks were forthcoming to deliver, and much- 
needed iron is having to be put into stock. Demand 
from abroad is less keen. Supply continues very ample, 
but makers show no disposition to lower prices. No. 1 
is 202s. 6d. for home purposes, and 207s. 6d. for shipment 
to foreign ports, and mixed Nos. are 200s. for home use 
and 205s. for export. 


Foreign Ore.—There is not very much passing in 
foreign ore. Rumours of a cheap sale of best rubio 
lack confirmation, and the market rate of that article 
appears to be still in the neighbourhood of 52s. 6d. 
c.t.f. Tees, but both buyers and sellers are disinclined to 
operate, the former being fairly well placed, and the latter 
in arrears with deliveries. 


Coke.—Local demand for coke keeps heavy, and supply 


is not over plentiful. Average blast-furnace quality 
commands 48s. at the ovens. 


Manufactured Iron and Steel.—Producers of finished 
iron and steel have a vast amount of work on hand, 
and, in fact, some firms are so fully booked up that they 
cannot entertain further business, and have had to 
refuse quite a number of orders. Consumers from 
practically all quarters are clamouring for supplies. 
Values, all round, are very strong. Export quotations 
continue matter of individual negotiation, but may be 
given as a little above the following, which govern the 
home trade :—Common iron bars, 22/.; marked bars, 
25l.; strip iron, 231. 5s.; block sheets, 271. to 281. ; 
galvanised sheets, 361.; steel ship, bridge and tank 
plates, 187. 58.; steel boiler plates, 211. 10s.; steel 
angles, 17/1. 15s.; steel joists, 171. 10s.; and heavy 
steel rails, 167. 10s. 


Truck Shortage.—The very serious trouble through 
shortage of railway wagons is becoming alarming. It is 
causing dislocation of trade, and the very gravest view 
is taken of the manner in which port is being retarded. 
The steel works appear to be suffering most from in- 
adequate supply of rolling stocks, but great incon- 
venience is also caused to pig-iron producers, and at the 
ironstone mines, and collieries. The actual closing of 
two of the larger steel mills in the district through the 
truck shortage is serious enough, but unless speedy 
relief is forthcoming by increased supply of rolling-stock, 
further stoppages are bound to occur, and the position 
will become even more grave. 





NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Scotch Steel Trade.—The Scotch steel works are nearer 
full working order this week, but production is not yet 
up to the standard, and a little time must elapse before 
the pre-strike position is regained. Business is plentiful 
despite the latest advance in prices, and a very heavy 
demand for ship plates is current, with Clyde shipbuilders 
pressing for supplies. Deliveries are improving and 
every endeavour is being made to keep consumers going. 
Owing to further advances in workers’ wages and raw 
material the associated steelmakers in Scotland have 
been forced to raise their prices. The new minimum 
rates came into force last Friday, and all deliveries on 
that day were affected. The current prices are as 
follow: Ship plates, # in. and up, 191. 15s. per ton; 
under } in. down to and including ,, in., 241. per ton ; 
*; in. down to and including 3 in., 251. 10s. per ton 
angles, 19. 58. per ton; and boiler plates, 241. per ton, 
all net, delivered in the Clyde area, and for home con- 
sumption. There is more doing in sections at present, 
and deliveries are very satisfactory, while some good 
lots are being shipped abroad. The black sheet trade 
is still very active and makers cannot keep pace with 
the demand as the output from the mills is not nearly 
sufficient to cope with the present volume of business. 
This latter is really so large and urgent that it is doubtful 
if the present position was ever approached before, 
and even with current prices so high it has been stated 
that to get a certain lot shipped quite a substantial 
increase on home prices has been offered and paid. 
Galvanised sheets are also very active at full prices. 
Export inquiries are very good, but on the whole there 
is very little steel material going foreign, owing to the 
urgency of the demand for home requirements. 


Malleable Iron Trade.—The malleable iron makers in 
the West of Scotland are experiencing a strong flow of 
business at present and active conditions are general 
throughout the trade. Consumers keep pressing for 
deliveries, which are fairly satisfactory, but the man 
who is in desperation for material sometimes thinks 
otherwise, although makers are doing their best to keep 
everybody well supplied in turn. Prices are strong and 
show no change. 


Scotch Pig-Iron Trade.—Practically no change falls 
to be reported in the Scotch pig-iron trade, and the 
business going through amounts to a very large tonnage. 
Nearly all kinds of iron are in demand, and makers 
are fairly well placed so as to give reasonably good 
delivery. Forge iron is rather quiet. Deliveries of 
hematite to the local steel works are on a large scale, 
and if normal production is maintained the needs of the 
steel makers will be assured for many months to come, 
even allowing for their excessively heavy demand at 
present. The export trade shows improvement. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 
The Local Coal Market.—A change has taken place 


in the condition of the coal market during the past 
week. Shipping has arrived more freely and, though 
collieries are still experiencing difficulty in connection 
with transport facilities, prices have hardened to the 
extent of 2s. 6d. or more for both prompt and forward 
loading, and even for spot shipment it is difficult to 
obtain concessions. In fact, though some collieries 
have as many as a dozen boats in docks, they have had 
to effect bovee soggy ey 5 a because of the shortage of 
empty wagons. t Admiralty large coals, which were 
obtainable a week ago at anything from 70s., now 
command 75s., with seconds round 72s. 6d., while 
Monmouthshire cannot be secured under 70s. Steam 
smalls are also scare, with the best descriptions worth 
from 55s. to 57s. 6d. and sellers indicating up to 60s. 
Seconds are round 52s. 6d., ordinaries 45s. and inferiors 
from 35s. up. The announcement of Sir Auckland 
Geddes that the price of coal for inland consumption 
is to be reduced by 10s. per ton from Monday next 
came as a “bombshell’’ to the market. Though a 
reduction was expected it was not anticipated that it 
would run into more than a few shillings. It is also 
reported that the present system of licensing exports is 
shortly to be terminated, and it is expected that there 
will be an increase in export prices. The proposal of 
the Government to limit colliery. profits to 1s. 2d. per 
ton has raised a storm of protest from traders and p wed 
from the colliery proprietors and exporters. Resolutions 
have been passed by the South Wales Coal Owners’ 
Association and the Cardiff Chamber of Commerce 
rotesting against the proposal of the Government. 
t is felt that the coal trade is being singled out for 
special and unfair treatment, and measures are being 
taken to oppose the Bill. Mr. T. J. Callagan, at a 


special meeting of the Chamber of Commerce, described 
the proposal as “‘ robbery.” 
The Iron and Steel Trades.—tI uate transport 


facilities are seriously interfering with the tin-plate 
trade, and it is reported that unless something is —s 
done to improve the position there is a possibility of 
works being forced to close down. Prices generally are 
firm, with little business passing, because manufacturers 
in the majority of cases are already full up with orders 
which will take them well into next year. For the basis 
box 46s. to 47s. is quoted for delivery in the first quarter 
of 1920, and inquiries are numerous. Pacific Coast 
salmon packers are expected to come on the market for 
100,000 boxes of odds for January-March shipment, to 
pack the wet catch of fish, owing to labour troubles in 
the United States. There is, however, a possibility of 
increased outputs, as the water supply is‘ now more 
plentiful. The price of galvanised sheets has increased 
10s. per ton, and for 24-gauge stand at 381. to 381. 10s. 
for January shipment. Some works are fully booked 
up and asking 39/. for 6-gauge corrugated in bundles. 





AMERICAN Locomotives ror Eeypr.—<According to 
The Iron Trade Review, Cleveland, Ohio, an award of 
50 locomotives for Egypt has been made to the Baldwin 
Locomotive Works. Inquiries for 65 additional loco- 
motives for Egypt are current. 





Petro, Controt DepartMEent.—This department 
20, Berkeley-street, W. 1, was closed on the 22nd inst, 
All further communications in connection with the 
matter hitherto dealt with by that department should 
now be addressed to Mr. P. G. L. Webb, C.B., C.B.E., 
at the Patent Office, 25, Southampton Buildings, 
Chancery Lane, W.C. 2. 





Inpustaiat LeaGue anp COovunci.—A lecture 
arranged by the Industrial League and Council (incor- 
porating the Industrial League and Industrial Recon- 
struction Council), will be held in the Council Chamber 
of the Guildhall, on Tuesday, December 2. The chair 
will be taken at 2.30 p.m. by Sir Richard Vassar-Smith, 
Bart., and an address on ‘Government Control and 
Industry” will be delivered by the Right Hon. Lord 
Emmott, G.C.M.G., G.B.E. Admission is free. 





Atuminiuom Attoys.—The United States Bureau of 
Standards has recently issued two papers on aluminium 
alloys. In Technologic Paper No. 132, P. D. Mevica, 
R. 6. Waltenberg and A. N. Finn deal with the properties 
of ternary alloys of aluminium and magnesium with 
copper, manganese or nickel. The alloys were rolled 
out in sheet and tested as cold-rolled, after annealing, 
and also after quenching at 500 deg. C. and aging at 
ordinary temperature. In the te eee SS ee 
alloys came out decidedly best, and they were fu 
improved by heat treatment, which improved the nickel 
alloys only a little and the manganese alloys not at all. 
For the corrosion tests the alloys were sprayed with 
salt water for two months. In these tests the Al-Mg 
alloys behaved better than aluminium itself and than 
other Al alloys, and the ternary manganese alloy proved 
least corrodible, the copper alloy coming next in order. 
Annealed commercial aluminium was more resistent to 
corrosion than the hard-rolled metal, but it did not 
compare favourablys with most of the all The 
“Heat Treatment of Duralumin” is the subject of 
Scientific Paper No. 347, by Mercia, Walten and 
H. Scott. The temperature of quenching should not 
exceed the eutectic point of CuAl2, about 520 — C., 
but should be kept near that temperature and be followed 
by quenching in boiling water and, for hardening the 
metal, by aging at 100 deg. for five days. The paper 





discusses the theory and mechanism of this hardening. 





NOTICES OF MEETINGS. 


Tue Puysicar Society or Lonpon.—Friday, Novem- 
ber 28, at 5 p.m., at the Imperial College of Science, 
ay Institute-road, South Kensington, London, 
8.W. A discussion on “ Lubrication” will take place, 
in which the following gentlemen will take part: Dr. 
T. E. Stanton, F.R.S.; Principal 8. Skinner, M.A. ; 
Mr. W. B. Hardy, Secretary, R.S.; Mr. F. W. Lanchester, 
M.Inst.C.E.; Mr. H. M. Martin; Mr. R. Mountford 
Deeley ; Mr. L. Archbutt, F.1.C. 


Tue Roya. Society or Arts.—Monday, December 1, 
at 8 p.m., Cantor Lecture, “Synthetic Drugs,” by 
Mr. John Theodore Hewitt, M.A., D.8c., F.R.S., i 
Professor of Chemistry, East London College, University 
of London (Lecture I). Wednesday, D ber 3, at 
4.30 p.m., Ordin Meeting, “The Oil Seed Crushin 
Industry,” by Mr. John Westall Pearson, Chairman an 
Director, British Oil and Cake Mills. The Right Hon. 
Lord Lamington, G.C.M.G., G.C.1.E., will preside. 


Tae Instrrvorion or Crvm Enotnerrs.—Tuesday, 
December 2, at 5.30 p.m. Pa to be further dis- 
cussed : ‘Admiralty Harbcur, Dover,” by Mr. Maurice 
Fitzzerald Wilson, M.Inst.C.E. And ballot for new 
members. 


Tae Junior InstiruTion or ENGiIngERS, MIDLAND 
Section.—Tuesday, December 2, at 8 p.m., in the 
University, Edmund-street, Birmingham, the president- 
elect, Professor F. W. Burstall, will deliver his Inaugural 
Address, the subject being ‘The Professional Status 
of the Engineer.” Meeting to commence at 8 p.m. 


Tue Instirorion or AvTromMosineg ENGINEERS.— 
Wednesday, December 3, at 8 p.m., in the Hall of the 
Institution of Mechanical Engineers, Storey’s Gate, 
St. James’s Park, London, 8.W. 1, when Mr. Edgar N. 
Duffield will read a paper entitled “Car Design and Car 
Usage from the Point of View of the Majority of Owner 
Drivers.” 


Tue LiverProo. Encingertne Sociery.—Wednesday, 
December 3, at 8 p.m., at the Royal Institution, Colquitt- 
street, when a paper will be read by Mr. John Watson, 
M.I.N.A., M.1I.Mar.E., entitled “Marine Propelling 
Shafting, Bearings and Supports.” 


Tse InstirvTion or Locomotive ENGINEERS, MAN- 
CHESTER CeNTRE.—Friday, December 5, at 7 p.m., at 
the College of Technology, Manchester. (1) Nomination 
of Candidates for election as chairman, vice-chairman, 
secretary and members of committee. (2) A discussion 
will take place on a paper by Mr. G. H. Jackson, member 
of committee, on the ‘Testing and Examination of 
Material for Rolling-Stock Construction.” As the paper 
will not be read any member desiring to take part in the 
discussion is requested to apply to the secretary for 
an advance copy of the paper. 


Tae Jontor Instirution or Enoinerrs.—Friday, 
December 5, at 7.30 p.m., at 39, Victoria-street, 8.W. 1. 
“Some Notes on Extra High-Tension Switch Gear,” 
by Mr. E. F. Hetherington, Member. 


Tse Instrrution or Water Encinerrs (Incor- 
PORATED 1911).—Friday, December 5, at 2.15 p.m., 
at the ar of the Geological Seco, Deaieies 
House, W. The chair will be taken by t ident, 
Mr. Alfred B. E. Blackburn, B.Sc., Assoc.M. .C.E., 
F.G.8. The following —— will be read and discussed : 
(1) “The Madras City Waterworks” (Part I, Historical 
and Descriptive), by Mr. James Welby Madeley, M.A., 
M.Inst.C.E., Special Engineer; (2) “ Repair of a 
Service Reservoir damaged Mining,” by Mr. Duncan 
M. Straughen, of Sunderland; (3) “ Flow in Channels 
where the Water Surface is not parallel to the Invert,” 
by Professor Alex. H. Jameson, M.Inst.C.E., M.8c., of 
King’s College, London. 


Tae Tecunicat Inspection AssoctaTion.—Friday, 
December 5, at 7.30 p.m., at the Rooms of the Society of 
Arts, John-street, Adelphi, when a joint paper on 
“Inspection and Testing of Materials” will be read by 
Messrs. R. D. Summerfield and H. J. Davey, Members. 
Discussion will follow the reading. 











Inow anv Street Instrrote.—Dr. J. E. Stead, F.R.S., 
F.1.C., has been nominated by the Council of the Iron 
and Steel Institute as president for next year, in 
succession to Mr. Eugene Schneider. Dr. Stead has 
been a ber of the il since 1895. He was elected 
vice-president in 1910, and for some time has been the 
senior vice-president of the Institute. We feel confident 
that all the members will receive this news with the 
greatest pleasure. The next annual meeting of the 
Institute is to take place in London on Thursday and 
Friday, May 6 and 7, 1920. The date and place of the 
next autumn ting will be d later. 











PrrsowaL.—Mr. D. M. Watson, B.Sc., Assoc.M.Inst. 
C.E., has entered into partnership with Messrs. Dodd and 





Dodd, M.M.Inst.C.E., civil and lt: £ 
County Chambers, Corporation-street, Birmingham. 
Mr. Watson has both American and English experience 


of ‘essional work, while Messrs. Dodd and Dodd have 
had some thirty-five years of wide and varied experience 
in the design and construction of civil engineering work 
both in England and abroad. The name of the new firm 
is Dodd, Dodd and Watson.—The Renew Electric Lamp 
Company has been taken over by the Aladdin Renew 
Electric Lamp Corporation, Limited, 843 to 847, Harrow- 
road, Willesden Junction, N.W. 10, which has a nominal 
capital of 200,0001. The London depot has been con- 
siderably enlarged, and factories and branches are being 
set up in all the principal centres. 
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“ AGINCOURT.” 


CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, ELSWICK, NEWCASTLE-ON-TYNE. 








Fie. 9. 


LEVER IN PosiTiON FOR OPENING Gun BreEcH MEcHANISM. 


(For Description, see Page 703.) 








Fie. 11. 


Trver ActuaTmne CaGE FoR Raistna Gun CHARGE. 





Fig. 10. Laver tn Posrrion ror Piactne Gun at Loapine ANGLE. 


TRADE OF THE Unrrep Stratres.—We read in Com- 
mercial America that for the year ending June 30, 1919, 
the total value of the United States exports were 
7,225,084,257 dols. (as against 2,364,579,148 dols. for 
the year ending June 30, 1914); whilst the total value 
of the imports into the United States for the year ending 
June 30, 1919, was 3,095,876,582 dols. (as against 
1,893,925,057 dols. for the year ending June 30, 1914). 





British CataLocurs ror Liker.—The Federation of 
British Industries have been in communication with 








Fie. 12. 


the British Vice-Consul at Lidge (Belgium) with regard 
to the display of catalogues and publicity matter at the 
Vice-Consulate, and from the list received giving the 
branches of industry in which his collection of catalogues 
is especially weak, the following articles interest our 
readers: Non-ferrous metals; cast-iron pipes and 
tubes ; jointless ge and tubes; pumps, ventilators 
and cables for coal mines; motor cars—light, well 
made, for two or three persons, capable of being sold at 
12,000 francs to 18,000 francs ; cycle cars, motor cycles 
and side cars; accessories; bicycles and accessories ; 





Lever rN Posrrion ror Actuating RAMMER. 


chemicals for industries and chemists; leather, for 
manufacturers of belting and footwear; dyes, especially 
aniline colours ; paints and varnishes ; optical supplies— 
lenses, spectacles, glass; glass for industrial purposes— 
gauge glasses, &c. Certain types of goods do not lend 
themselves easily to representation by catalogues. In 
such cases, where the articles are not of a bulky nature, 
the Vice-Consul states that he is willing to receive 
samples for exhibition, and that arrangements have 
been made for the provision of sufficient space at the 
Vice-Consulate for this purpose. 
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N.S.W. 'T. Willmett and Co., +o North 


BELGIUM, Brussels: E. F. Satch ell, 86, Rue du Tabellion. 
Canapa, Toronto, Ont.: Wm. wson and Sons, Manning 
mbers. Montreal : Sells, ‘Limited. 3 302, Shaug- 
nessy Building, McGill-street. 
EprrBureH: John Menzies and Co., 12, Hanover-street. 
FRaNCE, Paris: Boyveau and Chevillet, 22, Rue de la Banque. 
Sed Advertisements, Agence Havas, 8, Place de la 
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Guaseow: William Love. 
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THE GOVERNMENT’S IMPORTS AND 
EXPORTS REGULATION BILL. 

TuE Bill introduced into the House of Commons 
by the Government for the regulation of imports 
and exports is one of the most important measures 
brought forward in this busiest of Parliamentary 
sessions. It is an attempt to meet the difficulties 
which proved of such grave consequence in the early 








*| years of the war, when it was established that some 


of the industries vital to the supply of munitions of 
war had been impaired by “dumping” on the part of 
competing nations in Europe, and by the com- 
placence of some of our. industrialists who were too 
short-sighted to realise that by purchasing in the 
cheapest market they were making themselves 
dependent on other nations, who were ready to take 
advantage of our weakness when occasion arose. 
One significant instance was that brought out by 
the committee presided over by Lord Balfour of 
Burleigh, a noted Free Trade Unionist. Proof was 
adduced by that committee that the dumping of 
German forgings had prevented some of our gun- 
makers from continuing to modernise their presses 
in order to enable a sufficiency of big guns to be 
constructed. Similarly, owing to the absence of 
the somewhat inappropriately called “ key” indus- 
tries some munitions could not be produced. For 
instance, because we had bought all magnetos from 
Germany, we were unable to complete aircraft and 
other petrol engines for a long time after the out- 
break of the war until the magneto factories had been 
organised. The Bill now introduced attempts to 
rectify such serious defects in our industrial 
organisation. Another trade problem has arisen 
quite lately, owing to the great difference in foreign 
exchanges, and the Government have tried to find 
a solution for the excessive importation of 
goods due to cases of the rate of exchange being 
against us. 

The Bill is in no sense a Tariff Reform measure. 


“* | Judged on this standard, it would be utterly re- 


jected by those who have advocated changes in our 
fiscalsystem. On the other hand it will, if honestly 
applied, put an end to that measure of Free Trade 
which has been a drawback to some branches of our 
manufactures. The war has brought enlightenment 
on the economics of international trade, and has 
established the view that employment cannot be 
maintained for all if we refuse to do to others as 
they do to us, or if we permit them to do to us 


29 | that which they object to us doing tothem. Instead 


of imposing tariffs, the Bill provides for the prohibi- 
tion of imports of goods which come within a 
certain definition of “dumped goods,” and others 
affecting key industries, but some of these can be 
introduced by licence granted by the Board of 
Trade, on payment to the Board, and thence to the 
Treasury, of sums of money equal to the difference 
in the foreign value and the “import price” or the 
“ price of first sale,” to which terms we shall refer 
later. Similarly, in the case of imports influenced 





by adverse rates of exchange, a corresponding sum 
has to be paid according to the difference between 
the sterling value of the imported goods and the 
price at which similar goods manufactured in the 
United Kingdom can be sold. The principles of the 
Bill may be accepted generally, but the machinery 
for carrying them into effect requires to be simpli- 
fied. Moreover, the carrying into effect of the 
measure must, in many instances, be made obliga- 
tory rather than optional on the part of the Board 
of Trade. 

The whole scheme is to be administered by the 
Board of Trade, who are to appoint a “ trade 
regulation committee,” which will include the 
President of the Board of Trade, the Financial 
Secretary to the Treasurer, the Parliamentary Under- 
Secretary of State for Foreign Affairs, the Secretary 
of the Department of Oversea Trade, two per- 
manent secretaries of the Board of Trade, the Con- 
troller of the Department of Overseas Trade, and 
ten members of the House of Commons, nominated 
by the House, with a chairman to be appointed by 
the President of the Board of Trade. Objection is 
sure to be taken even in the second reading debate 
next week, to the composition of the committee, 
as it is regarded as too bureaucratic. There is need 
for manufacturers to be more directly and fully 
represented, and it may be preferable to give it 
also a more judicial constitution. The committee 
will only exist, too, for the consideration of the 
Orders to be drafted by the Board of Trade, and 
even then in cases of emergency such orders can be 
put into effect for a period of 21 days, pending their 
approval by the committee. The committee, it 
would appear, is to have no powers for originating 
any proposals, but probably this may be conceded 
in practice. 

As regards dumping, importation may be pro- 
hibited altogether at the discretion of the Board of 
Trade, in the case of goods of any class or descrip- 
tion produced and manufactured abroad, and 
“systematically and in substantia] quantities im- 
ported into the United Kingdom at prices below 
the foreign value or where such importation is 
apprehended, and where the production and manu- 
facture of similar goods here is, or is likely to be, 
thereby adversely affected.” Provision is made for 
a sworn declaration of the foreign value of the goods, 
and enquiry may be held for the ascertainment of 
their foreign value. In the event of goods being 
imported, and it being found afterwards that such 
importations are illegal, the importer, before clear- 
ance of the goods, must pay a sum equal to the 
amount by which the foreign value of the goods 
exceed the import price. An important question 
has reference to the interpretation of the phrases 
“foreign value,” “import price” or “ price of first 
sale,” and there is certain to be a sharp conflict of 
opinion on these points, not so much as regards large 
engineering productions as in goods of relatively 
small value and imported in large quantities, since 
the market conditions, which vary greatly, are 
largely operative in determining the values and 
prices. The Bill as at present drafted states that 
the “foreign value” means the price calculated in 
sterling which “was being charged for goods of 
that class or description in similar quantities for 
consumption in the country of production or manu- 
facture, after deducting any excise or other internal 
duty leviable in that country, or, if no such goods 
are sold for consumption in that country, the price 
which, having regard to the prices charged for 
goods as near as may be similar when so sold or 
when sold for exportation to other countries, would 
be so charged, after deducting any such duty as 
aforesaid if the goods were sold in that country.” 
Difficulties are sure to arise in the interpretation of 
this definition, which is not sufficiently precise. 
Is the value the works value or the wholesale price ? 

The section of the Bill dealing with key industries 
provides for the prohibition of the importation of 
certain goods which are specified, and for the pro- 
hibition, of other goods enumerated, for the period 
of three years from the termination of the present 
war. The former are associated with dyes, chemical 
industry, optical glass, scientific and illuminating 
glassware, laboratory porcelain, scientific instru- 
ments, tungsten powder and ferro-tungsten, zinc 
oxide, lithopone, arc lamp carbons and carbon 
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gauges, &c. But it is not quite clear that in all 
cases complete goods which largely embody the 
enumerated items on the list are included. For 
instance, very cheap cameras may be freely imported 
carrying valuable lenses suitable for other purposes 
and the same might apply to complete chemical 
products, the main part of which is made up of con- 
stituents the importation of which is prohibited. 
Moreover, the list could very properly be extended. 

As regards the effects on imports due to deprecia- 
tion of foreign currency, it is provided that the 
Board of Trade may prohibit importation on being 
satisfied that there is such a depreciation in the 
sterling value of the currency of any foreign country 
as would cause sales of manufactures in the United 
Kingdom to take place in “ substantial” quantities 
at prices “substantially” below those at which 
similar articles manufactured in the United Kingdom 
can be sold. The Board, however, have power to 
grant licenses to authorise importation of some goods 
which come within the definition of “‘ key” indus- 
tries, or of industries affected by the depreciation 
of foreign currency, after enquiry on the claim of 
any applicant. A fee is to be charged for such 
license either on the value or on the quantity of the 
goods, and is not at the time of its imposition to be 
greater than the difference between the sterling 
value of the imported goods and the price at which 
similar goods manufactured in the United Kingdom 
can be sold, if sold in similar quantities and for 
delivery at the manufactory. In the case of the 
importation of goods affected by the depreciation in 
foreign currency the license may be issued without 
payment or the payment of a sum at a uniform 
ad valorem rate determined from time to time and 
for periods of not less than three months. This 
seems too long a period especially under present 
conditions when the exchanges are fluctuating so 
much. “Sterling value” is defined as “the price 
in sterling which the importer would give for the 
article if the article were delivered freight and insur- 
ance paid, but excluding any license fee or rate 
leviable at the port of importation.” In deter- 
mining the issue of a license consideration will be 
given to any attempt at combination or restriction 
of the conditions affecting output in this country in 
order artificially to raise prices, and the Board of 
Trade are taking powers to investigate any attempt 
in this direction. 

A further part of the scheme provides for the pro- 
hibition of exportation temporarily of certain goods, 
including fuel, motor spirit, certain food stuffs, 
opium and its preparations, cocaine and its salts ; 
but here also a license may be granted in special 
cases. This prohibition will continue for three 
years after the termination of the war and no 
longer. 

A provision in the Bill which will largely be 
commended is that which gives power to the Board 
of Trade to make arrangements for granting credits 
in connection with export trade, the maximum 
amount defined being 26,000,000/. sterling. The 
Board may also undertake the business of insurance 
or re-insurance of any goods where risks of an 
abnormal or exceptional nature are involved, and 
for that purpose may fix and receive premiums. 
This provision, however, is only to continue in 
operation for three years, although the period for 
repayment of grants will continue for six years. 





THE ROADS AND TRANSPORT 
EXHIBITION. 

THE synchronisation of the Cycle Show, the recent 
meeting of the Institution of Mechanical Engineers, 
and the Roads and Transport Congress and Exhi- 
bition at the Agricultura] Hel, results in a consider- 
able part of our space this week being devoted to 
matters of road transport. In view, however, of 
the attention now being attracted to this subject 
and its intrinsic importance, the circumstance 
requires no apology. At recent functions, both of 
the Society of Motor Manufacturers or Traders 
and the Association of British Motor and Allied 
Manufacturers, a good deal was said of the part 
played by motor traction during the war and in 
connection with the recent railway strike. The 
work in both connections was beyond praise, and 
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we would criticise neither. There is, however, an 


aspect of the work done during the strike which, 
in satisfaction at a menace successfully countered, 
has perhaps pardonably, been to a large extent 
ignored. This is the question of cost. The amaz- 
ingly successful handling of food supplies by motor 
traction has in more than one quarter raised dream- 
ings and imaginings of wonderful things on the 
roads. The motor vehicle has unquestionably 
been raised to a stage at which it can do those things, 
but whether it can do those things on an economic 
basis is another matter. This question was in 
effect the subject of Mr. Conradi’s paper before 
the institution of Mechanical Engineers, and was, 
we trust, largely kept in mind by visitors to the 
Roads and Transport Exhibition. 

The Exhibition was held at the Roya] Agricultural 
Hall during the latter part of last week and the 
early part of this. The Congress, which was held 
in connection with the Exhibition, we deal with 
elsewhere in this issue. Here we propose to say 
something of some features of the Exhibition. It 
contained much of technical interest, but from the 
point of view from which we are taking the liberty 
of regarding it, did not contain all we would have 
wished. We are abundantly aware that the 
Exhibition did not pretend specifically to illustrate 
the subject of the development and possibilities of 
economy and greater efficiency in road transport, 
but these matters are of such importance that we 
regret they were not more definitely accentuated. 
The paper read before the Institution of Mechanical 
Engineers is open to criticism on a parallel score. 
It was concerned with the necessity for adding 
efficiency to road transport by improving methods 
of loading and unloading, but confined itself to too 
great an extent to generalities. Generalities are 
useful and necessary, but with over-use they may 
become cheap. Theimprovement whichis necessary 
can only be brought about by the work of engineers. 
What is wanted is sound mechanical design and the 
working-out of goods handling schemes in detail. 
The generalities are now well understood, and 
immediate further discussion of them may be left 
to the traffic manager and the newspaper expert. 

With this introduction, we propose to call atten- 
tion to various of the exhibits which were to be seen 
at the Agricultural Hall and to deal more especially 
with those which directly bore on the question of 
the cheapening, or, what is the same thing, the 
improvement of the efficiency of road transport. 
As a beginning we would say we were glad to see 
what was probably the best display of electric 
battery vehicles yet brought together in this 
country. It is established that for a certain type 
of short haul the electric battery vehicle can show 
superiority over both petrol and steam. This 
fact has but slowly been recognised in this country, 
but there are now signs that the electric vehicle 
is coming into its own. For many classes of muni- 
cipal work, involving short journeys over good roads 
and somewhat frequent stops, the electric battery 
vehicle is peculiarly suitable, and there are signs 
that our municipalities are now recognising this. 
For much of this kind of work the battery vehicle 
can show lower operating costs and a smaller main- 
tenance bill than its rivals, while in very many 
cases the fuel, or, rather. the energy, used is already 
a municipal product. A somewhat similar type of 
service is demanded by large retail stores, and such 
firms as Harrods and Lyons now use electric vehicles 
extensively. 

Some of the firms which have in the past been 
associated with steam or petrol traction have now 
commenced the building of electric wagons or 
trucks, and examples were shown by Messrs. Richard 
Garrett and Sons, Ltd., of Leiston, and Messrs. 
Ransomes, Sims and Jefferies, Ltd., of Ipswich. 
Of firms whose name is more definitely associated 
with the electric vehicle, Messrs. Edison Accumu- 
lators, Ltd., of 3, Duke Street, St. James’s, London, 
and Messrs. the General Vehicle Company, Ltd., 
of 43, Shoe Lane, London, had displays. The first 
three firms we have mentioned showed wagons 
with electrically operated tipping bodies, while 
the last had a patent electrically operated un- 
loading gear. One of the obvious minor advantages 
of an electric battery vehicle is that power may 
easily be made available in any part of the chassis 
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for auxiliary service, such as tipping. This advan- 
tage is, however, not of great moment in practice, 
since, as many of the exhibits showed, there is no 
difficulty in working out a purely mechanical 
power-operated tipping gear on a petrol or steam 
wagon. 

Before saying anything in detail about the tipping 
arrangements on the electric vehicles, we have 
mentioned, we would like to refer to the question 
of tipping gears more broadly. The fitting of a 
tipping arrangement to a motor lorry is one of 
the obvious methods of reducing the unloading time 
for many types of traffic. It is, of course, a very 
old device, but does not appear to have been 
adopted by motor-wagon builders to any consider- 
able extent until recently. The tipping of the body 
of a motor wagon may, of course, be attained in 
various ways, but the most common method appears 
to be the fitting of a tipping screw at the forward 
end. This screw is pivoted to the chassis and the 
body carries a nut working on the screw. As the 
screw is rotated, the nut rises and carries the body 
with it into the tipping position. Another device, 
shown in various forms, at the Agricultural Hall 
consists of a horizontal screw, carrying a sliding nut, 
to which is attached a link or toggle sliding on or 
pivoted to the wagon body. The travel of the nut 
backwards causes the tipping. This device is in a 
sense neater than the vertical screw, since when the 
body is home it is out of sight. The vertical screws, 
it should be mentioned, are very frequently made 
telescopic, a screw of small diameter resting inside 
a hollow one of larger diameter. This arrangement 
is used in order that when the body is down the 
vertical height to which the tipping screw stands 
shall not be too great. 

Tipping devices, such as we have described, were 
in general operated by hand, but in some instances 
mechanical connection to the engine was made. 
Arrangements of this sort were, for instance, fitted 
by Messrs. Leyland Motors (1914), Limited, of 
Leyland, and Messrs. Walker Bros. (Wigan), Limited, 
of Pagefield Ironworks, Wigan. The disadvantage 
of hand operation would appear to be that in some 
cases extra labour would have to be carried by the 
wagon for the purpose of operating the tipping gear. 
It is likely that in many instances it would be held 
not to be driver’s work. A mechanical gear operated 
from the engine should, however, come within the 
driver’s province. The question of speed also arises. 
A hand gear would of necessity be somewhat slow, 
whereas mechanical tipping takes only a ie 
seconds. We were particularly struck by the Walker 
Wagon in this connection, as it was shown in 
operation. The elimination of hand tipping was, 
in several cases, brought about by the fitting of 
hydraulic tipping rams, charged from a small pump, 
driven by the engine. Examples of this class of 
tipping were fitted to wagons shown by the Asso- 
ciated Equipment Company, Limited, of Waltham- 
stow ; the Daimler Company, Limited, of Coventry ; 
Messrs. J. & E. Hall, Limited, of Dartford; the 
Albion Motor Car Company, Limited, of Glasgow ; 
and Caledon Motors, Limited, of Glasgow. Most of 
these firms fitted one or two rams below the body, 
but Messrs. Hall had the ram arranged at the front 
of the body in a vertical position and carrying a 
pulley on the top, the body being actually lifted 
by a wire rope. The arrangement was the common 
one of hydraulic machinery. 

A further point in connection with this matter 
which is worth notice is that of the power expended 
in tipping. This is clearly of more importance in 
the case of hand than of power tipping. Some of 
the wagon bodies were merely hinged at the back 
end and were lifted bodily. In others, more parti- 
cularly some of those of the horizontal screw type, 
the body was first moved back horizontally on the 
level until the point of overbalance was reached. 
when the load tipped itself. This arrangement was 
shown by Messrs. Straker-Squire, Limited, of 
Edmonton. An ingenious device was fitted to the 
Edison electric battery wagon, which we have 
already mentioned. In this, the body was fitted 
with rollers which worked over a cam plate so 
arranged that the body, when tipping, rotated 
around its centre of gravity. This, naturally, reduced 
the power required for tipping. Another minor 
matter in connection with tipping wagons, is that 
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of the tipping angle. We did not collect full statistics 
but, in general, the angle arranged for appeared 
to be 40 deg. to 45 deg. The Pagefield wagon, of 
Messrs.. Walker, which we have previously men- 
tioned, however, raised the body to an angle of 
60 deg. The minimum necessary angle will, of course, 
vary with the service, but it would appear that in 
dealing with some wet or sticky materials the large 
angle would be an advantage. It is clearly cutting 
down the efficiency of a tipping wagon, if it is 
necessary to carry a man with a shovel to get out 
the last 20 per cent. of the load. 

Before concluding, there are one or two auxiliary 
appliances for use in connection with motor wagons, 
and of which examples were shown at the Exhibition, 
to which we would like to refer. One of these is 
trailers. Messrs. Tuke & Bell, Limited, of Lichfield, 
and Messrs. The Eagle Engineering Company, 
Limited, of Warwick, both showed side-tipping 
appliances of this class. Messrs. Tuke & Bell’s 
appliance was ingeniously arranged so that it could 
tip from either side. The body was carried on 
rollers, and was pushed off from either side by nuts 
carried on lead screws. When the body reached the 
tipping position, hooks carried below it engaged 
with a horizontal rod, and the body rotated round 
it. The Eagle Company’s wagon tipping only at 
one side, had a somewhat simpler construction. 
A gear to facilitate loading, as well as unloading, 
was shown in the form of the Stamper loading 
truck, which was exhibited on the stand of Messrs. 
H. G. Burford and Co., of Regent Street, London. 
This is an appliance which is described in Mr. 
Conradis paper which we print this week, and 
consists of a truck with a movable body, which can 
be transferred fully loaded to the deck of a motor 
lorry. The General Vehicle Company’s electric lorry 
was fitted with the Craymer unloader, which 
consists of a flooring built up of panels. The whole 
can be wound outward towards the rear of the 
wagon, and so carry the load to the taking-off 
position, or, if necessary, tip it. The various panels 
fold over as they reach the end of the wagon, and, 
finally, lie one below the other, so that they do not 
interfere with the unloading. 





THE STUDY OF FLOTATION. 

ORE concentration by flotation is driving the old- 
fashioned gravity concentration out of the field. 
Both are differential methods; both ultimately 
depend upon the effect of gravity upon ore and 
gangue particles, stirred into water or carried away 
by it. In the old process we rely directly upon 
the more rapid sinking of the heavier particles ; in 
the flotation process we try to keep the valuable 
ore in the bank of froth collecting at the top of the 
agitated pulp. That we can do so is mainly ascribed 
to the buoyancy of air bubbles and to surface tension 
effects, differentiated by the action of oil and other 
agents. While scientists were hesitating to commit 
themselves to any definite explanation of flotation, 
practical flotation forged ahead*; the development 
of the past few years especially in America has been 
astounding. Some 400 flotation plants have been 
established there, and more than half a million tons 
of ores are now floated every year, though practical 
flotation has not come of age yet. If miners were 
first satisfied to separate sulphides from the gangue 
by flotation, they now separate sulphides from one 
another, and deal with oxidic ores, native metals 
and carbon, and in particular they work up many 
tailings and slimes that the metallurgists had to 
dump before. Such a development could not but 
react back on metallurgy. Big settling tanks, 
vacuum filters and conveyors are wanted for the 
frothy material, metallurgical furnaces have had to 
be adapted to finely-subdivided charges, the demand 
for Cottrell dust precipitators has received a powerful 
impetus, and hand labour is more and more being 
dispensed with. In fact, one may pardon advocates 
of flotation when they claim to have revolutionised 
metallurgy. 

Practice has in this development outstripped 
theory. Scientists still shake their heads, and they 
have the excuse that the floaters have not entrusted 





* We iealt with some techaical and historical features 
of ore flotations in our issues of August 28, 1916, 
page 169, and of November 24, 1916, page 514. 





them with their trade secrets. But a good deal 
has come out during the patent litigation of recent 
years, and the legal situation has cleared con- 
siderably, mainly in favour of Minerals Separation, 
Limited. Hence, Mr. H. Livingstone Sulman, one 
of the originators of the successful process of that 
company, felt at liberty to explain, on Thursday, 
November 20, his experience and his views in a 
“Contribution to the Study of Flotation,” before 
the Institution of Mining and Metallurgy. He did 
not give technical details. He dealt with the 
physical problems, so simple, as he remarked, that 
he had wanted 96 pages to express his views. He 
might have shortened his paper by not attempting 
to give a summary of molecular physics. But he 
certainly presented a great array of data, partly 
new and based on observations of his own, bearing 
upon the very complex flotation phenomena in an 
instructive way. We should mention that he 
mad > frequent ieferenc»s to the valuable researches 
especially of Professor Edwin Edser and Mr. Emil 
Hatschek. 

The simple experiments with which Mr. Sulman 
introduced his discourse well characterise the 
problems. He had a glass flask half full of water. 
When shaken the water became charged with air 
bubbles which quickly collapsed again. When a 
few drops of cresol—oxytoluense, corresponding to 
phenol, a somewhat oily liquid very sparsely soluble 
in water—were added to the water, the shaken 
liquid remained milky for some time. Ground 
sulphide ore was now put into the water, and the 
shaking repeated ; the whole ore collected in a frothy 
mass on the surface of the water. Finally a few 
drops of sulphuric acid were added to the water ; 
renewed shaking left a dark flocculent frothy mass 
of dark sulphide on the top, the liquid underneath 
was turbid with particles of the quartz gangue, and 
a whitish sediment of gangue settled at the bottom. 
The floating itself is largely due to the air bubbles 
and agitation; but a differential floating of the 
watery ore pulp had apparently been effected by the 
use of several agents : (a) A froth-producing material 
(cresol, amyl alcohol, &c.) which is to reduce the 
surface tension of the solid in order to make the air 
bubbles adhere to the mineral; (6) a stabilising 
agent, usually a minute amount of insoluble oil, 
to stiffen the froth; (c) a gangue-modifying agent 
(a mineral acid, alkali, salt—not of the heavy 
metals) increasing the adhesion between the gangue 
and water, that is, favouring the wetting and sinking 
of these particles. Both (a) and (b) are in our 
example and in general furnished by the same oily 
agent. Under suitable conditions any small particles 
will float, ores and gold as well as carbon and 
sulphur, calcite and quartz; thus the effects can 
hardly be chemical. The differential effect is clearly 
connected with wetting and surface tension; the 
question is how ? 

Liquid surfaces behave as if they were stretched 
membranes tending to contract. To extend a soap 
film requires a certain amount of work; the work 
done when the surface is increased by unity, 
expressed in ergs per square centimetre, is numeri- 
cally equal to the surface tension, expressed in dynes 
per centimetre. The surface tension does not 
alone make up the whole surface energy; the 
stretching itself would cool the film, and heat must 
be taken up to compensate for the heat lost. The 
sum of this heat and of the surface tension work 
constitutes the surface energy, but the heat term 
is often.disregarded in speaking of the phenomena. 
The theory has occupied great men like Laplace, 
Gauss, Kelvin, Van der Waals. We may imagine 
the molecules of liquids and solids to be held 
together by forces acting like springs; work must 
be done both to force the molecules apart and to 
compress them; that accounts for cohesion and its 
converse, the intrinsic pressure, and for the con- 
nection of surface tension with dilatation, com- 
pression and with vapour pressure. The ranges of 
these intermolecular forces must be very small; 
the estimates range from 5 » » to 118 wm, however. 
In the interior of a liquid the molecules are equally 
attracted in all directions by their neighbours; at 
the surface they are more pulled inward than out- 
ward, and those molecules which have come to the 
surface have been driven there by some agency 
(¢.g:, agitation, heat) and are endowed with more free 
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[energy than those in the interior ; if with sufficient 


energy they escape and evaporate. Of liquids 
water has the highest surface tension, 75 dynes 
per centimetre (which may slightly be increased by 
the addition of sulphuric acid, however); other 
values are: Glycerin 65, cresol 34°8, petroleum 
27-7, alcohol 21:6dynes. But the surface tension of 
the liquid metal mercury is certainly much higher, 
about 440 (estimates differ widely). Mr. Sulman 
credits some fused metals with very high surface 
tension: Copper 1,178, gold 1,018, zinc 707, 
aluminium 520, lead 424, &.; le did not state 
his authority; the most recent researches by 
F. M. Jaeger (Groningen),* made at temperatures 
up to 1,600 deg. C., did not concern metals so far as 
we are aware. 

Since now the surface tension increases as the 
temperature is lowered, the question is: What 
becomes of this probably large amount of surface 
energy when the liquid metal solidifies ? The energy 
cannot vanish; but we do not know how it is dis- 
posed of, nor do we know how to measure the surface 
energy of solids; that is the trouble. Estimates of 
the surface energy of sulphates, based upon the heat 
of solution, made by Hulett and others, remain 
unsupported and do not agree with some flotation 
experiments. Solid surface certainly seem to have a 
loose texture. By simple rubbing with the finger 
Beilby made metals and minerals “flow”; gases 
and liquids condense on solid surfaces; rust 
penetrates into hard quartz and porcelain ; gelatine 
dried on glass tears the glass in peeling (Rayleigh) ; 
W. B. Hardy has quite recentlyt rubbed water into 
glass and has found that two such glass surfaces 
when once pressed together cannot be parted again 
without injuring the glass. He also states that 
oil spreads on glass first in an infinitesimal film and 
attributes the phenomena to vapour pressure rather 
than to surface tension. These two forces are inter- 
related, however, and Mr. Sulman treats all his 
problems from the standpoint of surface energy and 
interfacial tension. 

When two surfaces, gaseous, liquid and solid, are 
brought into contact, Mr. Sulman argues, they may 
or may not adhere and spread upon one another. 
If substance A pulls its own molecules with a larger 
force o, than it pulls the molecules of substance A,, 
then the molecules in the surface of A will 
more energy than the molecules in the interior of A. 
If similarly the molecules of A, have more attraction 
o, for their own molecules, the surface layer of A, 
will be energised. The excess energy of the joint layer 
at the interface of A ani A, will produce an inter- 
facial tension which, among other effects, will resist 
lateral extension. When a bubble of air adheres to 





a solid surface (of surface tension ,) in a liquid of 
surface tension o,, the forces at the point P (Fig. 1) 
will be: o,; the component of ¢,, resolved parallel 
to the solid surface, i.e, «, cos 6, where @ is the 
contact angle; and the interfacial tension 4», 
such that o, =, 008 6 + 019, or cos 6 = BS 
This angle of contact may vary between 180 deg., 
when the bubble would just touch at one point, and 
0 deg., the case of maximum adhesion and (subject 
to qualifications) of complete wetting of the solid 
surface. The former case is approached by mercury 
since the contact angle between mercury and glass 
in air is 148 deg.; that would be an example of 





* See ENGINEERING, bes 24, 1918, page 584, and also 
Mr. Cosmo Johns on Steel, May 30, 1919, page 721. 
ti Philosophical Magazine, July 1919, pages 32 and 49. 
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non-wetting and least adhesion. When a drop of 
oil E of surface tension o, (Fig. 2) is poured on 
water (c,), the drop will be pulled out into lens 
shape until equilibrium is established between the 
tension in the Neumann triangle of forces at P, 
such that 7, =~ % ae F125 if a be larger than 
the sum of the other two forces, no triangle is 
possible, and P and Q will be dragged apart by 
the greater tension ¢,; the result would be that 
the drop rapidly spreads. We should ourselves 
rather say that the point P (and similarly Q) is 
squeezed out—not pulled out—by the inward pull 
of the forces in E, and we confess that we cannot 
follow Mr. Sulman in his deductions which aim at 
explaining all the complex effects observed by inter- 
facial tension and the contact angle formula. But 
it would be unfair to criticise Mr. Sulman without 
reproducing his deductions at considerable length. 
Moreover, Mr. Sulman acknowledges that there is 
no quantitative basis for his applications of the 
formula, for which he does not claim originality, of 
course. It is not known which of two solids has 
the greater surface energy; yet we can alter the 6 
e.g., by oiling. Like water, oil wets all dry sub- 
stances, but makes smaller @ than water with 
sulphides and many other substances. 

Various factors modify the surface energy, and 
the contact angle itself is not a constant quantity. 
When the plate on which a drop of oil rests is 
inclined, the drop will bulge out at the lower end, 
and will make a more obtuse 6 there. When a plate 
is suspended vertically in a liquid which wets it, 
the liquid will be drawn up on both sides making 
acute angles of contact; when we tilt the plate 
to the right, the @ on the left side becomes larger, 
and that on the right smaller; when the plate is 
then left to itself, it will be pulled back into the 
vertical position. Thus there are maximum and 
minimum values of 6, and this “ hysteresis” range 
of 6, Mr. Sulman finds, may amount to 60 deg., and 
is important because it enlarges the otherwise small 
range of 6 which admits of floating. To what the 
hysteresis is due, is not understood; according 
to Edser, air is not condensed on solids to any 
appreciable extent, and the assumed gas films on 
solid surfaces would thus hardly have anything to do 
with the spreading of liquids and flotation, Mr. Sul- 
man stated; this statement seems to need further 
support. Yet Mr. Sulman referred to the fact that 
fresh surfaces and cleavage faces behave differently 
from surfaces that have been exposed to the air; 
that is to account for the different results of flotation 
experiments made in the laboratory with old dry- 
crushed particles and in the works with wet-crushed 
fresh pulp. He also pointed out that adsorption 
in another sense modifies the surface energy to an 
important extent. When the water contains other 
substances in solution or in very fine subdivision, 
these substances may either be pulled to the surface, 
displacing .water there and hence lowering the 
surface tension (positive adsorption, e.g., of the 
complex molecules of soap, colloids, and also of 
minute oil globules and slimy sulphides); or the 
dissolved matter may be concentrated in the water, 
cleaning the surface and hence raising its surface 
tension, though not to any considerable degree 
(negative adsorption of sulphuric acid). Soap solu- 
tion will reduce the surface tension of water from 
75 to 28, whilst sulphuric acid will only raise it to 
76-5 dynes. Similar considerations decide whether 
or not air bubbles and oil globules coalesce, and 
whether the particles will flocculate or deflocculate. 
Oils like petroleum, which are insoluble and useless 
as frothing agents, help to stiffen the froth. The 
more strongly adsorbed liquid or solvent displaces 
the other. Most of the vegetable oils used, pine oil, 
eucalyptus oil, &c., are chemically very complex 
and contain soluble constituents; their value is 
best found by trial in every particular case. 

The old well-known flotation of a steel needle 
on water, a simpler and in some features dissimilar, 
not differential problem, has recently been studied 
by Edser and by W. H. Coghill and C. O. Anderson 
(“ Journal of Physical Chemistry,” 1918, 22, pages 
237 to 253). The needle sinks below the water 
level and rests at the bottom of a sack of air which 
has the shape of an elongated drop of water about 


to fall from a surface. The buoyancy depends] 


largely upon the depth of this sack ; the water will 








partly be in direct contact with the needle, and only 
that portion of the needle below the line of contact 
will actually displace water. A whole cube may 
in this way float, and be practically submerged, the 
air adhering merely to the top face of the cube. 

This system of “ film flotation ” of heavy particles 
has lost its technical importance. De Bavey made 
the ore pulp enter the water quietly at an incline ; 
McKuisten and Sulman and Picard made use of 
slowly-rotating tubes at the one end of which the 
pulp entered, for floating the films. Actual ore 
flotation is selective or differential, and since 1905 
Sulman and Picard have insisted upon the necessity 
of using a very minute oil film. Originally the oil 
allowance was largely limited by economy. Sulman 
recommends 2 Ib. of oil per ton of ore, which is about 
0-1 per cent. The pulp will still float with 0-5 per 
cent. of oil, he said; more oil is injurious* and, 
indeed, favours granulation and sinking of the 
particles (Cattermole). Oxidic ores can _ super- 
ficially be sulphidised by chemical means ; but this 
is not done to any large extent, and direct flotation 
is often possible and probably more customary. 

We have not referred to several of Mr. Sulman’s 
points. The ore ought to be finely crushed in the 
wet, but there is no “ critical grain” size. Electricity 
plays a part in the coagulation and flocculation of 
colloids and of ores ; technical application of elec- 
tricity with that object is probably not promising, 
but we do not understand that part of Mr. Sulman’s 
paper. In his summary he accentuates that all the 
effects must not be regarded as merely static; 
they are dynamic and kinetic. The contact angle 
should be 90 deg. or exceed that amount. With 
plain water and crushed ore the various superficial 
effects overlap. The addition of oil or other agents 
to the pulp reduces the surface energy of the sulphide 
more than that of the gangue, and the submergence 
of the latter is further facilitated by the addition of 
acid. Frothing agents produce a froth with water, 
yet leave a partial strain at the bubble surface ; 
the mineral adsorption stabilises the film, especially 
if the mineral be minutely oil-filmed. Acids, 
alkalis, silicate of soda, &c., remove the strain from 
the surface of the suspended gangue particles and 
promote their deflocculation. 

It remains to be seen whether these various state- 
ments, not all concordant apparently, can be 
worked into a consistent theory of flotation. The 
speakers at the meeting hardly went beyond 
eulogistic remarks. But the discussion was 
adjourned, and we may refer to the matter again. 





THE MOTOR CYCLE SHOW AT 
OLYMPIA. 

THE crowded alleys in the great hall at Olympia 
are sufficient evidence of the interest taken by the 
general public in what is officially termed the Fifth 
International Cycle, Motor-cycle, Cycle-car and 
Accessories Exhibition, which opened on Monday 
last. The previous exhibition of the kind was held 
in 1913, and the intervening years have seen the 
motor cycle put to a test which firmly established 
its right to be treated seriously as an important 
means of locomotion. We may say at once that the 
motor cycle dominates the exhibition. Ordinary 
pedal cycles are there, of course, in abundance, but 
their design has settled down for so long on 
absolutely standard lines, that without the motor 
cycle the exhibition would have lost all justification 
for its existence. The latter vehicle, so far, shows 
very little signs of standardisation of type. One 
would have thought that, even apart from the 
lessons of war experience, twenty years or so of 
commercial use would have indicated the general 
lines of construction which were most satisfactory, 
yet the divergence of ideas among designers appears 
to be at least as great as ever it was. Single- 
cylinder engines, vertical! or inclined, twin V engines, 
twin opposed engines and even four-cylinder engines 
almost on motor car lines, all have their advocates. 
The four-cycle and two-cycle types seem each:-to 
hold its own, while as regards frame design hardly 
any possible combination of tubes seems to have 
been overlooked. 

If one had the time it would be very interesting 








* This is the much-contested point: see our Note on 
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to make a proper statistical analysis of the machines 
at Olympia with a view to determining the trend 
of design. But failing any such definite test,’ a few 
general impressions may be recorded.§ In the first 
place, the two-cylinder horizontal “ opposed ” 
engine, known to motor cyclists as the “ flat twin,” 
appears to be distinctly gaining in favour. This 
was, we believe, first introduced by the Douglas 
Company many years ago, and has always been 
typical of their practice. Now it is embodied also 
in the Brough, Humber, Rayleigh, Wooler and 
possibly others. The two-cycle engine, at any rate 
for the lower-powered machines, seems to be greatly 
increasing in favour. Messrs. Dunford and Elliott, 
Limited, of Birmingham, are psing the two-cycle 
principle in a single-cylinder engine of 500 c.c. 
capacity, although in general the type is confined 
to the light weights. Outside flywheels appear to be 
maintaining their position. A two or three-speed 
gear chain driven from the engine and belt con- 
nected to the back wheel is common practice, but 
a chain drive throughout also has its exponents. 

The engines themselves, though of widely varying 
type, arrangement and size, do not call for much 
criticism, as in general they are sound mechanical 
articles, each in its own way. Frame design, how- 
ever, in many cases is very questionable. For sheer 
ugliness some of the machines could hardly be 
beaten, and when the ugliness is unnecessary and is 
associated with, even if it does not arise from, a 
disregard of engineering principles, it is the more to 
be condemned. In very many designs the crank- 
case of the engine forms, structurally, a part of the 
frame, although it would seem far sounder engineer- 
ing to make the frame structurally complete in itself 
and attach the engine to it. Some makers do this, 
the “ Triumph Junior” machine, for example, being 
an excellent example of design both in this and 
in other respects, and one of the most pleasing 
machines from an engineering point of view in the 
show. 

Magnetos seem to be considerably smaller and 
more carefully protected from'wet and dirt than 
they used to be. Still, however, one frequently 
finds them put down in front of the bottom of the 
engine crank-case exposed to all the mud possible, 
in spite of the fact that other makers find it quite 
easy to put them out of the way at the back of the 
cylinder. Carburettors also appear neater than 
the earlier designs. With a few honourable excep- 
tions, principally met with on the machines of the 
old-established makers such as the Zenith, Douglas, 
Triumph, &c., the petrol tanks seem to be quite 
needlessly unpleasing to the eye, though perhaps 
not very much more so than the frames with which 
they are associated. The finish of the machines 
is quite up to pre-war standard, but one notices 
a greater tendency to avoid nickel-plating and so to 
simplify maintenance. Mechanical lubrication of 
engines is finding greater favour and electric lighting 
will probably also supersede the acetylene lamp 
entirely. 

As regards machines which do not come under 
the heading of motor cycles in the generally- 
accepted sense of the term, there are two different 
types attheshow. The first, the “ scooter,” is really 
a motor bicycle with very small wheels, about 
16 in. or 18 in. diameter and a very much dropped 
frame, on which a platform is carried. The original 
idea of the device was that the driver should stand, 
but now seats are fitted and it is very difficult 
to see that the machine has any advantage over the 
more usual vehicle, except that it is somewhat 
cheaper. Its disadvantages are obvious, and time 
alone will tell whether it is not doomed to be 
numbered with the ‘‘ monocycles ” and other freak 
designs which have been advocated in the past. 
For the everyday purposes of the ordinary motor 
cyclist it has no recommendations, and it is possibly 
a false idea of its greater simplicity which appeals 
to a certain section of the public. 

Three types are exhibited, the ‘‘ Whippet” 
with a 1}-h.p. four-cycle vertical engine on the 
platform in front of the rear wheel, the “Silva ” 
with an engine of about the same size fixed at the 
side of the front wheel, and the unhappily-named 
“ Scootamota,” the engine of which is horizonta] and 
is mounted directly over the back wheel, which it 
drives by a chain. This divergence of design is 








Nov. 28, 1919.] 


ENGINEERING. 





725 





typical of the motor-cycle industry as a whole. 

The “ motorised bicycle,” in which the engineis an 
auxiliary attachment to a practically standard 
push-bicycle has passed through various forms, but 
by far the most attractive arrangement yet devised 
consists of a smal] self-contained power plant 
mounted on the luggage carrier and connected 
to the back wheel by means of a chain. The engine 
is extremely accessible and well out of the way of 
the mud. In the “Simplex” auxiliary attachment 
the 1-h.p. engine is of the two-cycle horizontal type, 
and in its aluminium base are contained the counter- 
shaft clutch, magneto and petrol tank. The whole 
of the control is from the handle-bar of the bicycle 
by means of Bowden wires, and the bicycle itself 
needs no alteration except the addition of an extra 
sprocket wheel to the hub of the back wheel. The 
appearance of the whole arrangement is most 
satisfactory. 

One may be permitted to hope that the British 
motor cycle manufacturers have learnt something 
from munition work and are devoting themselves 
seriously to quantity production, but there is little 
evidence of it at the show. Every firm gives lip- 
service to the phrase, but few indeed exhibit models 
designed to facilitate cheap and rapid manufacture 
in quantities. Furthermore, when one finds in- 
dividual makers shewing such a variety of types, 
sizes and powers as appear on some of the stands, 
it affords reasonable evidence that the economic 
advantages of concentration upon a single type 
are not fully realised. Trifling alterations from 
earlier models, made, one might almost think, if 
not for the sake of alteration, merely to provide 
some little thing for the salesman to talk about, 
are too frequent. Fashions will pervade the 
engineering world to a certain extent, as they do 
other branches of activity, but articles which are 
primarily utilitarian should be freed from the 
handicap and expense of conformity to passing 
whims as far as possible. Nobody doubts the value 
of artistic appearance, yet the canons of beauty do 
not change with every season, and if the makers of 
motor bicycles would endeavour to get their industry 
running on the lines of that of the push cycle 
from which it sprang, it would be better both for 
them and for the purchasers. When the present 
enormous demand for motor cycles of any kind 
has given place to a greater competition among the 
makers for orders and a more critical attitude on the 
part of buyers we may see the industry stabilised 
along sounder lines of manufacture and design than 
it seems to be at present. 

The show closes to-morrow, Saturday, November 
29, at 10 p.m., and is well worth a visit by all 
who are interested in the smaller motor vehicles. 





NOTES. 
Kent CoALFIELD DEVELOPMENTS. 

AT a meeting of the East Kent Coal Company 
on Monday last, the chairman, Professor W. 
Galloway, D.Sc., stated that the reason that the 
output for 1918 had not exceeded that for the 
previous year was that a large number of men 
were withdrawn during the period for military 
service. The number of men employed had, 
however, since been increased, so that the output 
for the week ended the 15th inst. had reached 
3,605 tons—a figure which he hoped would be 
increased by the end of the year. The question of 
sinking two of the shafts to a deeper seam had been 
considered, and the necessary mechanical pre- 
parations made. The work would be put in hand 
as soon as a convenient opportunity occurred. 
We understand, from a report in The Times, that 
there are at present three collieries in Kent producing 
coal—one at Tilmanstone with an average weekly 
output of 3,200 tons, another at Snowdown where 
the weekly output is about 2,600 tons, and a third 
at Chislet, which, at present, has a much smaller 
output. A second shaft, however, has quite 
recently been completed at this latter colliery, 
and the output is rapidly increasing. At the two 
former collieries substantial seams are being worked 
at a depth of 1,500 ft., while that at Chislet is 
1,340 ft. deep. Below this, however, there are 
other seams, varying from 4 ft. to 6 ft. 6 in. in 
thickness, at a workable depth. Although the exact 


boundaries of the coalfields have not yet been 
defined, the known area is said to be sufficient to 
accommodate from 15 to 20 collieries. Early 
developments, it is said, are likely in connection 
with the establishment of an iron industry in Kent. 
It is claimed that over the whole of the East Kent 
district there is a 12-ft. bed of iron ore, and Messrs. 
Bolckow, Vaughan and Messrs. Dorman, Long, 
who have purchased the old colliery at Shakespeare 
Cliff, Dover, have made exhaustive tests of the 
ore at their works at Middlesbrough, and are reported 
to state that the ore is equal to the best Cleveland. 
The erection of blast furnaces, it is said, will be 
commenced shortly, and arrangements have also 
been made for the construction of coke ovens 
near the Tilmanstone Colliery. The matter is one 
of considerable interest at the present time, but 
with regard to the development of the coalfields, 
it is hardly necessary to point out that the work has 
hitherto been considerably hampered by uncertainty 
as to the attitude of the Government to the coal- 
mining industry of the country. 


ARTIFICIAL DAYLIGHT. 


As our readers are probably aware the distribu- 
tion of energy in the spectrum of most artificial 
sources of light differs materially from that of day- 
light and, as & result of this, colour values which 
agree in the former, are altered considerably when 
transferred to the latter. In some cases, for 
example with the common form of mercury vapour 
lamp, the difference is so great that the appearance 
of certain familiar coloured objects is completely 
changed when viewed in this light, but even with 
ordinary artificial illuminants operations involving 
accurate colour perception are quite impossible. 
Artists, for instance, cannot paint satisfactorily in 
artificial light of the usual character, and it was to 
overcome this particular difficulty that Mr. G. 
Sheringham tried the effect of simple coloured shades 
or reflectors in conjunction with ordinary electric 
lamps. A very great improvement in the quality 
of light was thereby obtained, and the matter, 
which was brought to the notice of the authorities 
of the Imperial College of Science and Technology, 
was made the subject of a scientific investigation in 
the Technical Optics Department of that institution. 
The requisite distribution of colours was calculated 
by Mr. L. C. Martin and Major A. Klein on spectro- 
photometric measurements on opaque pigments 
made by means of Abney’s colour-patch apparatus, 
and, as a result of this work, a shade has been 
designed, the light from which very closely resembles 
that from a Northern sky. Lamps fitted with these 
shades were exhibited by Mr. Martin at a meeting 
of the Illuminating Engineering Society on Tuesday 
last, and numerous fabrics, and other coloured 
objects, were shown illuminated by the Sheringham 
daylight, as it is called, and also by the light from 
an ordinary half-watt lamp with a plain white shade. 
Red and blue fabrics in the former appeared about 
equally bright, whereas in the latter the red was 
very considerably brighter. Coloured objects gener- 
ally had a much redder tinge in ordinary artificial 
light than in the Sheringham light, and this char- 
acteristic is always noticed when tints are compared 
in daylight and artificial light. The Sheringham 
lights shown were each made up of a half-watt lamp 
of about 600 candle-power with an opaque concave 
mirror suspended under the bulb, and a large 
conical shade, about 3 ft. in diameter, fitted over it 
in the usual position. The internal surface of the 
shade is divided up into patches each about 1 in. 
square, some of which are left white, and others are 
painted in various colours. It is on the choice of 
these colours, and their arrangement, that the 
quality of the light depends. We understand that 
the distribution of energy in the spectrum of the 
Sheringham light is exactly similar to that of day- 
light except at the blue end, and this deviation is of 
little consequence since the agreement is good in 
the brightest parts. There is, of course, a con- 
siderable loss of light by absorption in the shade and 
it is therefore necessary to use a powerful source 
such as that mentioned above, though smaller lamps 
might possibly be employed. The large shade, 
which becomes in effect the source of light, has 
the advantage that its use eliminates all harsh 
shadows, so that the light resembles diffuse day- 











light in this respect, as well as in its colour quality. 
Such lamps would appear to be extremely useful for 
shop-window lighting and for industrial work in 
the textile industries. More unusual applications 
are perhaps in connection with the matching of 
artificial eyes and artificial teeth. Very little 
technical information regarding the light was given 
on the occasion of the demonstration as it will be 
made the subject of a paper to be read at a later 
date, but we may perhaps call attention to the 
obvious necessity for permanence in the pigments 
used for colouring the screen. It also seems likely 
that the results will be affected by voltage variations 
at the lamp, as well as by the age of the latter, but 
doubtless these points have received attention. 


Tse CoNSERVATION OF OIL. 


The paper upon “The Conservation of Oil,” 
which Rear-Admiral Philip Dumas, C.B. (retired), 
delivered before the Institution of Petroleum 
Technologists on the 18th inst., was read breezily, 
and was illustrated by numerous asides. It was 
essentially a protest against the terrible waste of oil 
and a plea for the internal-combustion engine, the 
proper place in which oil should be burnt. The 
lecturer remarked that when Lord Fisher had, in 
1912, appointed him Secretary of the Royal Commis- 
sion on Oil Fuel and Engines, he had known nothing 
of the subject ; he had since studied the question, 
discussed it with every type of expert, and he had his 
experience ; but he was hampered because the pro- 
ceedings of the Commission remained secret. There 
was, indeed, a lack of definite facts in the paper, 
but not of general criticisms. The annual coal 
output for the world was 1,250,000,000 tons. Ad- 
mira] Dumas remarked that of oil 75,000,000 tons 
was produced, and only 45,000,000 tons of the 
latter could be converted into oil fuel. Oil was a 
luxury, but it was wasted everywhere. The 
education was haphazard; the universities had 
no proper chairs of geology to investigate the 
location of oil, and American experts were boring 
for oil in England. There was little provision made 
for the immediate storage of any oil that might be 
produced. The general distribution and availability 
of oil were remarkably good; but at a certain 
Mediterranean port he had, during twenty months 
never seen two tankers which were alike; the nooks 
and crannies in the double bottoms were a nuisance. 
The waste of oil in charging tanks on the flying 
grounds from drums or bins was appalling. The 
loss of gas from the oil transit was small, only about 
1 per cent., yet too large. As regards waste in re- 
tail; it might be well to institute a licence before oil 
could be used in any engine. The greatest wasters 
of oil, however, were the warships. Admiral Dumas 
admitted the advantages of oil fuel. For internal- 
combustion engines oil was to coal as 4 to 1, for 
geared turbines as 2} to 1, and those advantages 
were rather understated. But in the Navy 80 per 
cent. of the oil went up the funnel, and oil fuel, 
though indispensable apparently on destroyers and 
some ships, was unnecessary probably on 60 per 
cent. of the warships. Nor was it needed in the 
merchant service in general, where indeed little was 
used so far, and in any case the price of oil should 
be raised to its proper height in order to prevent 
waste. Motor cars could do with alcohol ; nobody 
had yet troubled about the shocking waste of oil 
in aircraft engines, and lubricating oil was treated 
almost worse. One could everywhere track a 
motor—and a ship as well—by the spilt lubricant. 
This war had largely been waged on oil, the next 
one would nearly wholly be so. Therefore, find 
and conserve your oil; use coal wherever possible, 
but convert it into gas, electricity and liquid fuel 
at the pit mouths. For one thing, it was time to do 
away with the wretched poisonous bunker holes 
on board and the dangerous, dirty mode of charging 
them. Much more should be done for oil research 
and for the development of the internal-combustion 
engine in the country. That the country is not 
backward in these fields was pointed out during 
the discussion, and the few definite figures which 
Admiral Dumas had given, and some of his criticisms 
of the Admiralty in particular, were repudiated by 
Sirg Marcus Samuel, Sir Tennyson d’Eyncourt, and 
particularly by Admiral Sir George Goodwin, Engi - 
neer-in-Chief of the Navy. The latter asked how 
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many internal- combustion engines—of 750-b.p. 
maximum so far—Admiral Dumas would put on 
@ warship and a detroyer of 144,000 h.p. and 28,000 
h.p. respectively. Mr. Charles Greenway said that 
the supply of oil would continue to rise with the de 
mand, to three times its present figure, in the coming 
years. This may be so. The conservation of oil 
will certainly remain of paramount importance. 


SocréTé pes lneénieuRS CIviLs DE FRANCE. 


The inaugural meeting of the British Section of 
the Société des Ingénieurs Civils de France was 
held last Monday, the 24th inst., at the Royal 
Society of Arts, when Mr. C. H. Wordingham, 
C.B.E., hon. president of the new section, took the 
chair. In the course of his remarks, Mr. Wording- 
ham stated that France and Great Britain had been, 
during the last five years, in close co-operation 
fighting a common foe; their a:sociation in arms 
had led to similar ones being establ’shed in art, 
literature and commerce, which still further strength- 
ened the ties between the two nations. Engineering 
had played a most vital part in the late war, and 
it was clearly evident that it could not be allowed 
to lag behind; it was therefore thought that a 
close association should be promoted also between 
the engineers of both nations. Hence the creation 
of the British Section of the French Society of 
Engineers, a society which embraced all branches 
of engineering activity, civil, mechanical, electrical, 
mining and metallurgy, administration, &c. Mr. 
Wordingham gave a short historical review of the 
French Society since its inception, in 1848, and 
recalled the fact that several British names could 
be found in the list of those eminent engineers who 
had been identified with the work of the society. 
The British Section would make for a closer inter- 
course between British and French engineers and 
works. Mr. Wordingham then introduced the 
president for the first session, Mr. Guéritte, director 
of Messrs. L. G. Mouchel and Partners, Limited, who 
said the object of the British Section was to form 
a link between the technical institutions here and 
the corresponding ones in France. It would keep 
the specialists residing in France posted upon the 
papers to be read before British institutions, when 
French technical men could take part in the dis- 
cussions, thus internationalising the latter, throwing 
into relief a number of various aspects of the 
problems under review, and promoting friendship. 
The Section would also work for arriving at an 
understanding with the British institutions for the 
acceptance by the latter of French diplomas with 
a view to membership, in lieu of British diplomas 
or examination. It would further promote the ex- 
change for temporary periods of students and young 
engineers of the two countries. The Section also 
would read and discuss papers ; in this, it would not 
duplicate the work of existing institutions, for the 
papers in question would deal only with engineering 
matters affecting Franco-British relations. In 
short, the British Section of the French Society 
aimed at establishing a technical entente cordiale. 
Mr. Gouvy, the well-known French metallurgist, 
a member of the French Society since 1882 and, 
also, an influential member of the society’s Com- 
mittee on Mining and Metallurgy, who had been 
sent specially from Paris by the council of the 
society to represent them on this occasion, empha- 
sised the necessity of strengthening the union 
between the engineers of the two nations and added 
that the present time for the formation of the 
British Section was most opportune, for com- 
petition by the German industries was already 
most active, and would increase year by year. 
The council of the society thanked the promoters 
on this side for their work. In the course of a brief 
discussion which followed, all the speakers welcomed 
the new British Section of the French Society. The 
temporary address of this is 45, Great Marlborough- 
street, W. 1. 





LIGHT AND GRAVITY. 
By G. GREENHILL. 


THE revision of our previous notions on Newtonian 
theories of the cosmogony is the subject of general 





conversation, and great interest is taken in the 
photographic results exhibited on Thursday, Nuvem- | 
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ber 6, at the Royal Society, obtained by the 
astronomers in the recent eclipse, as a test of the 
rival theory in the new doctrine of Relativity. 

The ray from a star was photographed as grazing 
the Sun, and from the extent of its bending it is 
possible to calculate whether the deflection was the 
amount to be expected on the new theory of Einstein, 
amounting to over a second and a half of angle, or 
only about half this amount according to the 
Newtonian gravitation theory, more exactly 0” -87. 

Resuming the Newtonian Problem of Two Bodies, 
as it was discussed in ENGINEERING, October 11, 
1918, page 393, section 2, where the two bodies, 
8 and P, the Sun and a light particle, were a great 
distance apart in the direction of the star, and 
moving with relative velocity the velocity V of light, 
it is easy to calculate the amount of deflection of 
the light particles forming a ray of light on the 
Newtonian corpuscular theory in grazing the surface 
of the Sun, and so checking the figures given in the 
report of the eclipse. 

In the corpuscular discussion, it is immaterial 
whether we treat light in the modern way as some- 
thing reaching the eye and coming into it, or adopt 
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In the figure, the ray is bent through an angle 
a=POP’=DSD’=2DS0; and 
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so that we may take 
cosec $a = 105 x 4.744, 


and expressing a in seconds, 

2° 6,265 

106 x 2.372 
= al 1.9393 = 0.8696, 
say 0” . 87, as stated. 

This theory wil! serve for the motion of a meteorite 
striking the Earth at any angle and with great 
velocity and not merely grazing or ploughing it 
horizontally ; so that if failing vertically through 
the atmosphere, it would be treated on bomb- 


a= 2sin$a x 206,265 = 








the ancient method of supposing light is something 
proceeding from the eye and enveloping the object 
seen, and so illuminating it for our vision. 

In this second way the light from an eye at E 
looking through a telescope in the direction E O, 
would describe the curved line EAP, to reach a 
star at P, grazing the Sun at A; and the curve 
would be an hyperbola, with asymptotes EO and 
OP, if the light particles are taken to be subject 
to gravity. 

Otherwise the light ray would pass along E O P’ 
to the star at P’ in that direction, undisturbed from 
a straight line. 

Drop the perpendiculars SD, SD’ on EO, O P 
from S the centre of the Sun, focus of the hyperbola ; 
then DD’ will be the directrix, and SL drawn 
parallel to EO will be the semi-latus-rect. m ; 
and in accordance with the notation given before : 
_ V2.8 D2 

sL 





L=V.8D,G(8 +P)=¥ 
while, if E denotes the Earth : 
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where T denotes the year in seconds, 
T = 107 x 3.156. . 

This makes the grazing velocity V tan } (* + 4) 
a little over the velocity of light; and so contra- 
dicts the Doctrine of Relativity, where light has 
the ne plus ultra speed of the universe. 

Here E and P are so small] in comparison with the 
enormous size of S as to be negligible, and then: 

V?.8D?_4”2,SE%_ 472.8 A3 

SL T T2 

Take the © semi-diameter at 16’, cosec 16’ = 
215 = al 2-3324, and the © parallax at 8”-8, 
cosec 8”-8 = 23,400 = al 4-3699; the quadrant 
of the meridian Q = 10,000 km., and the velocity 
of light V = 300,000 km./sec. = 30 Q. 

The length V T is the “light-year” of Astronomy 
in kilometres, and is the unit of length employed 
in recording the conjectural distance of a star; 
and the light-year in quadrants is VT/Q = 30 T = 
10° x 9-468; and then: 

(Sy- ee 2 _ S8L.SA 
Q Q ) $b? 
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where 


dropping theory as if projected vertically downward 
with velocity greater than its termina] velocity in 
the air. 

This is on the corpuscular theory of light, which 
has lately come to the front again. 

An ether is required on the undulatory theory, 
but there was always the difficulty that the ether 
pervaded all space and matter, and yet never 
partook of its motion, or revealed any drift. In 
the words of Young, the ether behaves like the 
wind through a grove of trees. 

The Einstein theory is intended to clear up this 
difficulty, by introducing a new set of axioms of 
space and time, more genera! than those we have 
been able to evolve from our limited parochial 
outlook on Nature, imprisoned on the surface of 
the Earth. 

The connection of light and gravity is not a new 
question, as it was discussed in the last century, 
enough to attract the witty attention of a writer in 
Punch, summarised in what he called Beams in the 
Balance. “If light has weight, it stands to reason 
the weight of Jight is no light weight; so it is no 
longer a paradox to say, light is heavy.” 





INDUSTRIAL NOTES. 

Writine in The Labour Gazette, the Minister of 
Labour states that employment at the beginning of 
October. was affected by the railway strike, which 
resulted in a large amount of unemployment in the 
coal-mining, pig-iron and iron and steel industries, 
though many trades were not seriously affected. After 
the resumption of work by the railwaymen on 
October 6, the strikes of ironmoulders and of steel- 
works bricklayers in Scotland continued to cause much 
unemployment in the iron and steel, engineering, 
shipbuilding and other branches of the metal trades. 
In other industries employment was usually good or 
fairly good. Changes mm wages which came into 
operation in October resulted in increases being obtained 
by about 500,000 workpeople. The general level of 
retail prices of food and other items at November 1 
was about 125 per cent. above the pre-war level, as 
compared with 120 per cent. a month earlier. The 


number of out-of-work donation policies lodged at 
October 31 was 479,427, as compared with 403,003 on 
September 26. This increase is largely, though not 
entirely, due to the strike of ironmoulders. The 





distribution of the 479,427 policies lodged on October 31 
was as follows: Civilians—men 94,058, boys 7,349, 
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women 30,940, girls 2,838. _Demobilised—men 340,244, 
women 3,998. The number of men on the live registers 
of the Employment Exchanges on November 7 was 
478,638, or an increase of 25,291 on October 10; and 
the number of women was 85,498, or a decrease of 
11,559 on the total on October 10. The number of 
vacancies unfilled on November 7 was 28,796 for men 
and 42,884 for women, the corresponding figures for 
October 10 being 34,178 and 43,600. Trade unions 
with a net membership of 1,407,491, excluding those 
serving with H.M. Forces, reported 2-6 per cent. 
of their members as unemployed at the end of October, 
1919, as compared with 1-6 per cent. a month earlier, 
and 0-4 percent. a yearearlier. The level of unemploy- 
ment indicated by the percentage 2-6, though higher 
than in recent months, is no higher than that obtaining 
in a good year before the war. 

The following notes refer to the state of employment 
in the various industries after the immediate effects 
of the railway strike had passed away. Employment 
at coal mines in October continued good ; the number 
of workpeople employed at the collieries included 
in the returns was slightly greater than in the previous 
month and 23 per cent. greater than a year earlier. 
At iron mines and at quarries employment continued 
good, at tin mines it was dull and at lead mines it 
varied according to the district. The majority of shale 
mine workers were idle for a considerable part of the 
month in consequence of preparations made to meet 
a threatened stoppage arising from a dispute. In 
the pig-iron industry employment was good on the 
whole, and the number of furnaces in blast was about 
the same as at the end of August, though 20 per cent. 
less than a year ago. Employment at iron and steel 
works was adversely influenced by the strike of iron- 
moulders and, in Scotland, of steel-works bricklayers, 
and the aggregate number of shifts worked in the week 
ended October 25, was 5} per cent. less than a month 
earlier and 9 per cent. less than a yearago. The strike 
of ironmoulders had a still more serious effect on employ- 
ment in the engineering trades ; the number of out-of- 
work donation policies lodged by workpeople in these 
trades was 65 per cent. higher on October 31 than on 
September 26, and there was also a large amount of 
short time. Employment in the shipbuilding trade 
was also affected by this strike, and, in some districts, 
by the cancellation of Government orders, and it 
declined to fair. In the tin-plate trade employment 
improved and was good. In the other metal trades it 
was fairly good, on the whole, but affected in many 
branches by the ironmoulders’ strike. In the cotton 
trade employment was fairly good in the spinning 
section and good in the weaving section, thus showing 
some improvement on a month earlier. In the woollen 
and worsted trades employment continued good; 
towards the end of October the worsted trade, especially, 
improved as a result of overtime being worked by the 
woolcombers. Employment remained good on the 
whole, in the building, woodworking and furnishing, 
brick, cement, pottery and glass trades. In the paper, 
printing and bookbinding trades it was, on the whole, 
about the same as in the previous month, varying 
considerably between different branches and places. 

The changes in rates of wages reported to the 
Department as having come into operation in October 
resulted in an increase of nearly 100,0001. in the 
weekly wages of about 500,000 workpeople. The 
principal increases affected workpeople in the woollen 
and worsted industry in Yorkshire, and tramway and 
omnibus employees. Changes in hours of labour in 
October affected about 7,000 workpeople, whose 
recognised working time was reduced ‘by an average of 
nearly 7 hours per week. 





Speaking in Sheffield last Sunday, Mr. C. T. 
Cramp, President of the National Union of Railway- 
men, said the Union were now considering wages figures 
submitted by the Government, which were in some 
cases 58. or 6s. per week better than the previous offer. 
He would not say whether they would be accepted as 
final. He was not sure whether it would not be neces- 
sary before long to make an application for an increased 
war wage, irrespective of the present negotiations. 
On the question of joint control of the railways, Mr. 
Cramp said the step the men had won was an admission 
of a principle, the operation of which would give the 
workers an opportunity of gaining the necessary 
experience in carrying on an industry such as the 
railways which would qualify them for assuming entire 
control ultimately. He was looking forward to a new 
organisation formed out of the experience through 
which they had passed which would include all railway- 
men, though on a different basis. 





On the 13th inst. the Friendly Society of Ironfounders, 
the Amalgamated Society of Coremakers, and the 
Iron, Steel and Metal Dressers’ Trade Society, sent 
the following letter to the Engineering and National 
Employers’ Federation :—‘ We are instructed by the 
Joint Councils of the Friendly Society of Ironfounders, 
the Amalgamated Society of Core , and the Iron 








and Steel and Metal Dressers’ Trade Society to approach 
you with a view to seeing whether your Association is 
prepared to meet us in conference to consider our 
application, dated August 1, 1919, for an advance of 
15s. to journeymen, 7s. 6d. to apprentices over 16 years 
of age, with equivalent increases to piece and lieu 
workers. Our Joint Council feel that your Association 
will now raise no objection to granting us a conference 
to discuss our application, having in mind that the 
Court of Arbitration has sat and issued their award. 
We have in mind that, prior to the Interim Court of 
Arbitration sitting, your Association in conference 
expressed its willingness to negotiate with us on the 
terms of our application so soon as that Court had 
given a decision in respect to the application of the 
othér engineering sections. We shall be glad to have 
your early reply, and thank you in anticipation of 
same.” 

Last Friday the secretary of the Employers’ Federa- 
tion replied as follows :—‘ I am desired to point out 
that the application for an advance of 15s. per week to 
journeymen and 7s. 6d. to apprentices over 16 years 
of age, with equivalent increases to pieceworkers and 
lieu workers, is not at the moment at issue between us. 
The position is that during the currency of an award 
your members have thoughtsfit to go on strike. In 
addition, two strikes which were commenced prior to 
the present general strike are still in existence, these 
strikes being against the employment of moulders 
belonging to a trade union other than the Friendly 
Society of Ironfounders. 

“ Further, statements made by, and on behalf of, the 
strikers during the strike have made it clear that on the 
resumption of work difficulties will be raised against the 
employment of men not members of the Friendly 
Society of Ironfounders. The members of the unions 
concerned in the two strikes referred to, as well as 
those involved in the general dispute, must resume 
work on the terms existing when they went on strike. 
Any alteration in wages, and also the adjustment of 
future working conditions, shall be the subject of dis- 
cussion after resumption of work takes place.” 





With regard to the strike of ironmoulders in Scotland, 
which was to have commenced last Wednesday (see 
page 681 ante), we are informed that at a meeting 
held last Tuesday of the Associated Ironmoulders of 
Scotland, it was decided not to proceed with the 
strike ; instructions were sent to all members to with- 
draw their notices. No explanation of this step has 
been given. 





Mr. Lewis, acting president of the American Miners’ 
Union, on behalf of the bituminous miners, has accepted 
the proposal of Mr. Wilson, Secretary of Labour, for a 
wage advance of 31-61 per cent. for day labourers and 
of 27-12 per cent. for diggers. In explaining the basis 
of his suggested wage scale, Mr. Wilson declared that 
the cost of living had advanced 78-80 per cent. in 
mining districts. It was stated that the mineowners 
have declined to meet the increases to the miners pro- 
posed by the Secretary of Labour, unless the Govern- 
ment, as represented by Mr. Garfield, the Fuel Ad- 
ministrator, assume responsibility for the added burden 
to consumers. The result is a deadlock, and it is 
reported that the United States Government is con- 
sidering the advisability of taking over the mines. 


The International Labour Conference has held its 
sittings at Washington during the last weeks, and an 
official communication states that the following points 
have been settled in committee and are to be put 
before the Conference for final approval :— 

The adoption of the eight-hour day and 48-hour 
week principle, with the exception of (a) where less 
than eight hours are worked on some days of the week, 
the hours not worked may be redistributed on other 
days, but with no day to exceed nine hours; and 
(6) that in continuous processes the limit should not 
exceed 56 hours a week; all overtime to be paid not 
less than time and a-quarter. The labour employed 
in the devastated regions of France and Belgium is to 
be considered as employed under special conditions, 
This agreement cannot, of course, lower any higher 
standards established by law or collective agreement. 

The prohibition of work in industries between10 p.m. 
and 5 a.m. for all women through the substitution of a 
modernised and enlarged convention for that adopted 
at Berne in 1906. 

The prohibition of the employment in industry of 
children under 14 years of age, except that Japan has 
agreed, and India has been asked, to raise the limit in 
their tive countries from nine to 12, with 14 as 
the eventual standard. 

A special Commission has dealt with the limitation of 
hours of work in Eastern and other — countries 
which were fully represented at the Conference, and 
is recommending considerable reductions in the present 
hours of employment, with a definite maximum in each 
case. 

Special reports are to be received on unemployment, 





the employment of women before and after childbirth 
and the employment of children at night. 





Sir Kingsley Wood, M.P., speaking last Monday at 
the Federation Hall, Abbey Wood, Kent, to a alee 
of the Amalgamated Society of Engineers on “ Indus- 
trial Problems of To-Day,” said that the proceedings 
of the International Labour Conference were not 
receiving the attention they deserved. The unanimous 
finding of a Committee of the Conference, he said, 
prohibiting women’s work between 10 p.m. and 5 a.m., 
the abolition of child labour under 14 and the adoption 
of the principle of a 48-hour week, would be of world- 
wide importance. A League of Classes was as neces- 
sary as a League of Nations. He could not understand 
certain Labour leaders enunciating such principles as 
were involved in a League of Nations, and when it 
came to applying them to industry at home either 
shying at them or discarding them altogether. They 
wanted some compulsory machinery, he said, to 
prevent war, but when it came to industrial warfare 
some trade unionists, with much inconsistency, clung 
to the weapon of a lightning strike. 





ConTracts.—Messrs. Marshall, Sons and Co., Limited, 
Gainsborough, announce that they have received an 
order from the Yorkshire (West Riding) County Council 
for four 10-ton compound steam road rollers, four 
“Marshall’’ patent quick-lift scarifiers, and four living 
and sleeping vans. 

THE LATE Mr. WittiAM HamMonp BarTHOLOMEW.— 
We regret to have to announce the death, which occurred 
on the 19th inst., at Ridgeway House, Headingley, Leeds, 
of Mr. William a ¢ Bartholomew. Mr. Bartholo- 
mew was born at Bradford, on January 30, 1831, and 
in 1852 he entered the engineer’s department of the 
Aire and Calder Navigation Company. For twenty- 
three years he was general manager and chief engineer 
of that company, and, subsequently, for twenty-four 
years, a director. He had been of late in failing health 
and retired from active participation in the affairs of 
the company last spring. Mr. Bartholomew was an 
authority on canalisation and inland navigation, on 
which subjects he was frequently consulted. He was, 
since February, 1858, a member of the Institution of 
Civil Engineers. 





Wuitr-Forster Borers anp THE UNITep STaTEs 
Navy.—Messrs. J. Samuel White and Co., Limited, 
East Cowes, Isle of Wight, have received official intima- 
tion from the New York Shipbuilding Corporation, 
Camden, New Jersey, U.S.A., that 20 destroyers now 
being built in their shipyard for the United States Navy 
are being installed with White-Forster water-tube boilers. 
These torpedo-boat destroyers are each of 1,215 tons 
displacement, and will deve _— guaranteed 28,000 shaft 
horse-power each, to give them a contract speed of 
35 knots. Added to the previous output of over 
4,000,000 shaft horse-power, the total in these boilers 
now stands at well over 4,560,000 shaft horse-power. 





Mass Propvucnon or Moror Cars.—At an inaugural 
luncheon given by the directorate of Messrs. Harper, 
Bean, Limited, the chairman, Mr. H. J. Whitcomb, 
explained the policy of the concern and the reasons for 
its formation. It was, he said, an amalgamation of 
interests for the mass production of motor cars to supply 
home and foreign markets, and its intention was to 
reduce the cost of the cars to the public while maintaining 
a high standard of excell in workmanship, materials 
and finish. For this purpose the concern had taken steps 
to secure adequate supplies of all raw materials and 
finished products, such as radiators, gnetos, electrical 
equipment, &c., without which continuity of production 
would be impossible. Standardised designs had been 
prepared, and increased plant for mass production 
ordered, but developments would naturally be gradual. 
By January next an output of 50 cars a week would be 
achieved, which, it was hoped, would be increased to 
300 a week by July and to 600 a week by December, 
1920. An output of 2,000 cars a week was aimed at 
for July. 1923. The programme included the manu- 
facture of three types only, a small car, a medium-sized 
car and a commercial vehicle. Of the former 50,000 
would be produced annually, and about 25,000 each of 
both of the latter types. Labour would, of course play 
a very important part in the of the scheme, and 
for this reason it was essential to give the workers a 
tangible interest in the results of the company’s working. 
This would not take the form of a bonus or increased 
wage, but 500,000 fully-paid ordi shares would be 
issued, and these would be held by trustees on behalf 
of the employees as a whole for the p of a 
benevolent fund for them and their dependents. The 
amalgamation includes Messrs. A. Harper, Sons and 
Bean, Limited, of Dudley, manufacturers of castings, 
forgings and stampings; the Vulcan Engineering 
Company, Limited, of Southport; Messrs. wift, of 
Coventry, Limited—both motor car manufacturers ; 
the British Motor Trading Corporation, Limited ; Messrs. 
Hadfields, Limited ; and a number of firms in 
the manufacture of electric lighting and starting sets, 
jigs and tools, coach work, radiators and accessories. 
The undertaking, Mr. Whitcomb said, was one of great 
national importance, as it was the first really effective 
effort to place the British motor manufacturing industry 
on & wuthe of production comparable with the immense 

















activity of the United States. 
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BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 

. . To THe Eprror or ENGINEERING. ete 
™m:,—In my capacity as treasurer of t 
British yoln Fvm, fen’ the t of Sci > 
I made, before the Thursday evening discourse at the 
recent Bournemouth meeting, the following remarks :— 

Ladies and gentlemen,—You are aware that after 
peying printing and office expenses, the funds of the 

ritish Association are devoted to scientific research. 
For more than eighty years we have spent more than 
1,000/. a year on research, long before ordinary people 
had h of research. 

Every year we form many research committees ; each 
of them is formed of the foremost men of science of 
Great Britain, who receive none of the money themselves, 
and their accounts for mere out-of-pocket expenses are 
carefully audited. These researches in the past have 
created some entirely new sciences, have led directly 
and indirectly to the creation of many new industries, 
and they have largely produced the world’s present 
natural knowledge. And now to my point. Yesterday, 
& very prominent member of the Association asked me 
about our finances. I had to admit that even before 
the war we were meeting with difficulties due to the 
increased cost of printing and other things; that, since 
the war we have been behindhand to the extent of more 
than 1,0001. every year, and that we have never yet 
asked for the se | of moneyed men. The only gift we 
have ever received from a moneyed man was a voluntary 
gift from Sir James Caird, who handed me 11,0001. at 
the Dundee meeting. My questioner said we ought to 
ask for help, and that he was willing to start a fund 
with a sum of 1,0001. At this moment he does not wish 
to have his name mentioned. 

I need not dwell on the importance of our research 
work, as I feel sure that every person here who has 
himself done original work shares my opinion that when 
we limit our expenditure on research, and especially on 
pure scientific research, we shall begin to be a bankrupt 
Association—bankrupt, that is, morally from the point 
of view of science, if not actually in the financial sense. 

The moneyed men of Great Britain are most willing to 
help any good object when they get proof that it really 
is a good object. We cannot complain of want of their 
help for they did not know the facts. At the same time, 
o es e an Association with —_ @ record as ours 

oes not feel happy at the prospect of begging for help. 

In the two days of the meetin v plhowing that on whieh 
I made this statement, the fund was raised to a total of 
1,4761. I intend to publish in due course a list of names 
of donors and donations. 

To illustrate by many instances (as [ might) our 
claims as to the importance of our researches would 
unduly prolong this letter, and any selection of a few 
examples would be unrepresentative. I will cite a 
single illustration: The National Physical Laboratory, 
the scene of researches of which the importance to the 
nation during the war and earlier’ cannot be over- 
estimated, had its origin (if its antecedents be traced 
backward) in the Kew Observatory which was main- 
tained by the British Association from 1842 to 1872, 
in which period the Association spent some 12,000/. on 
its upkeep. 

I am, Sir, your obedient servant, 
Joun PERRY. 

Burlington House, London, W., November 21, 1919. 
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“THE BRINELL AND SCRATCH TEST OF 
HARDNESS.” 
To tHe Eprror or ENGINEERING. 

Srr,—I notice that Dr. Unwin, in his remarks on 
“The Brinell and Scratch Test of Hardness,” in this 
week’s ENGINEERING, suggests that it might be useful 
to examine the form of the scratch by making a section. 

When I read the paper by Sir Robert Hadfield and 
Mr, Main it occurred to me that it might be ible to 
obtain a section of the scratch by taking an impression 
in wax and projecting this optically, as is done in 
examining ring screw gauges. To test this a small 
mandrel was coated with wax, and this was rolled on a 
scratched piece of brass, leaving a minute circumferential 
thread on the wax. This was then projected under a 
magnification of abou 70 diameters, which showed the 
form of ve well, the ‘“‘burr”’ at the edges coming 
out clearly. It was possible to trace the outline on 

per but, of course, a more accurate record could have 

een obtained by some photographic method. 
I am, yours truly, 
W. H. Newman. 

Totteridge, London, N. 20, November 22, 1919. 





NEW THEORIES OF RELATIVITY. 
To tae Eprror or ENGINEERING. 

Stx,—Scientifically-inclined readers of your esteemed 
Journal must feel indebted to you for the report in the 
current issue of Enorngerine of the proc gs at the 
recent meeting of scientific societies at which the subject 
of the observational verification of Professor Einstein’s 
prediction was the main theme. Brief as your account 
is, it has at least the merit of giving actual figures, but 
for the daily Press, the subject provided it with one 
of those never-to-be-missed occasions for disporting 
its incurable vice of sensationalism, with a 
farago of nonsense coupled in some instances with the 
grossest unfairness to the helpless personality of the 
*‘ prophet.”” Indeed, Professor Einstein, however young 
he may be, would have the rest of his life mapped out, 
et eSerewed to — Ro ee oo 
whi ve been placed before ublic on the strength 
of the observational verification of his clever prediction. 





But whatever has been observed at Principe or Sobral, 
and subsequently measured in the retirément of calcu- 
lating rooms of certain observatories, in no way justifies 
anyone in rashly sacking the “‘ ether,’”’ even as an + 
commodity of the physicist. It ap to me much 
more likely, that we are on the eve of being made 
acquainted with a previously unrecognised property of 
the ether, and of light. The conception of a certain 
amount of ponderability of the latter became ent 
already when the phenomenon of the pressure of light 
became a demonstrable physical fact, and deflection of 
a ray of light from an absolutely straight path by 
gravitational influence is bound to accompany that 
conception of ponderability. 

It becomes very interesting to consider, that practically 
all photographs of solar eclipses show intrusions of light 
on the dark disc of the moon at the base of prominences. 
These intrusions ‘must not be confounded with the 
Bailey beads where chromospheric light dodges through 
between adjacent lunar mountains. Photographs of 
the sun’s chromosphere and prominences produced by 
artificially eclipsing the disc of the sun do not show this 
effect, except very rarely, and in those cases the intrusion 
may be due to "deflection effects, the photographs just 
indicated being mostly taken in monochromatic light. 
It appears to me to become a defensible notion, to regard 
these intrusions of light on the dark disc of the eclipsing 
moon, as the bending inwards of the light rays comin 
from these prominences by the gravitational action o 
the moon. 

Moreover, it becomes increasingly probable, that the 
ether in between sun ont earth is of different 
“density ’’ as compared with the ether without the 
imaginary cone of gravitational lines of force between 
sun and earth, and the planetary family generally. 
I venture so far as to consider that intervening portion 
of the ether as of greater density* than the average inter- 
stellar ether, and incidentally as providing the vehicle 
for a preference rate of solar heat-radiation from sun 
to earth and other planets. We have absolutely no 
proof, that the sun’s Loss radiation is equal in all con- 
ceivable directions radially outwards from the central 
body, and the conception here advocated would give 
a much longer radiating, past and future, life to our 
luminary, more in consonance with the postulates of the 
geologists. This denser ether between sun and earth 
may also have something to do with the observed 
fluctuations and irregularities in the moon’s motion, as, 
indeed, already suspected inferentially by Newcomb. 
Again, the conception of a state of greater density within 
the more or less sharply-defined cone of gravitational 
ether stress lines of force, appears to permit of the further 
conception, that the light coming from stars in the way 
the Principe and Sobral photographs p= would enter 
obliquely an ether stratum of greater density from the 
outer and less dense ether and thus produce a simple 
refraction effect much on the same lines as we observe 
a ray of light to do when passing from air into a denser 
medium, say, water, glass, &c. This etherial refraction 
effect may easily be additional to that produced by 
a@ gravitational effect pure and simple, and it would 
become decreasingly effective as the light emanates from 
stars radially further away from the sun as seen projected 
in the heavens. 

Finally, | presume, we may take it that if the ponder- 
ability of light becomes mee | re-established, the effect 
of momentum at a speed of some 186,000 miles per 
second has also to be taken into account. Again, is it 
quite out of question, that the light of the stars, not only 

assing the eclipsed sun, but the eclipsing moon, 
bee to thank for some share in the observed deflection 
to the latter ? 

Apologising for the length of my letter, and craving 
your, and your readers’, kind indulgence for the sake 
of the great interest of the subject, 

I remain, Sir, very respectfully yours, 
ALBERT ALFRED Bvss. 
22, Egerton-road, Chorlton-cum-Hardy, Manchester, 
November 19, 1919. 





THE EMPLOYMENT OF DEMOBILISED 
ENGINEERS. 
To tHe Eprror oF ENGINEERING. 

Srr,—I read with interest the letter in your journal 
from “‘ Ex-Warrant Officer, R.A.F.”’ 

That this state of affairs is possible, and my own 
experience partly bears it out, is a serious reflection on 
the gratitude and justice of the engineering trade. 

I have found the unsatisfactory state of affairs outlined 
by “ Ex-Warrant Officer’’ to occur more in firms who 
have largely profited on the war, and who therefore have 
a staff protected from danger under the Conscription 
Act. Possibly these staffs say, when they have an 
application from an ex-soldier: It will be as well not to 
have him, as his service might influence our directors 
adversely to us—and thus his application does not get 
the prominence it deserves. 

A case in point, one of my own examples. Through 
a mutual friend, I got in touch with the directors of a 
large firm, who told me that I had already applied to 
them under a “‘ Box”’ number, but that the application 
did not give full enough details. Now, being at a depot 
a few days before being demobilised, [ wrote a covering 





*I do not wish to dogmatise as to the point of the 
ether being — “denser” in the direct gravita- 
tional cone of sun-earth. All I feel certain about is, that 
the ether within that region must be under a 
different strese than the ether without, and the interpre- 
tation of calling it denser therefore appeals to me as an 
easier explanation of the main-conception. 





letter saying that for a few days it was not possible to 
send on specimens, &c. This was not answered or put 
before the directors. The job went to a man without 
service in the army. 
Yours faithfully, 
. Ex-R.E., A.M.I.Mech.E. 
London, W. 4, November 25, 1919. . 








,SOCIETY OF GLASS TECHNOLOGY. 

Tue November meeting. was held on Wednesday, the 
19th inst., in the Applied Science Department of the 
University of Sheffield. In the absence of the president, 
Dr. M. W. Travers, F.R.S., took the chair. The first 
paper was entitled “The Reversible Expansion of 
Refractory Materials,’ by Mr. H. J. Hodsman, M.Sc., 
and Professor J. W. Cobb, O.B.E., and was read by the 
last-named. 

Silica refractories on firing have a permanent ex- 
pansion, whilst fireclay refractories have a permanent 
contraction. On subsequent heat treatment both types 
of refractories undergo expansion which is reversible on 
cooling. The paper dealt with this reversible expansion. 
The authors briefly expounded methods of measuring 
expansion at high temperatures, and described in full 
the methods actually employed in the particular work 
under discussion. The range of temperature through 
which reversible expansion had been investigated was 
15 deg. to 1,000 deg. C., and some very remarkable 
results had been obtained. It was shown that alumina 
and kaolin expanded regularly within the above tempera- 
ture range. Silica, whilst having approximately the 
same mean expansion between 15 deg. and 1,000 deg. C., 
behaved very differently at intermediate temperatures. 
Thus between 15 deg. and 500 deg. C. it expanded 
regularly at a rate slightly greater than that for kaolin. 
Between 500 deg. and 600 deg. C. its mean coefficient of 
expansion was greatly enhanced, whilst -between 
600 deg. and 1,000 deg. C. its expansion was practically 
nil. The anomalous behaviour between 500 deg. and 
600 deg. C. was probably due to a change from a quartz 
to quartz. There was nothing in the results to 
indicate the formation tridymite between 600 deg. C. 
and 1,000 deg. C. 

Curves were shown indicating the behaviour of various 
materials between 15 deg. and 1,000 deg. C. A mixture 
of 80 per cent. ganister and clay behaved like silica. 
Fireclay and potclay behaved similarly to silica, the 
behaviour being nearer that of silica than that of kaolin, 
and it was of the nature of the silica curve. Ball clay, 
alundum and carborundum behaved similarly to kaolin. 
In conclusion the author discussed the bearing of the 
results upon the arching and subsequent heating of 
glasshouse pots and other refractories. 

The second paper read was entitled ‘‘A Proposed 
Standard Formula for a Glass for Lamp Workers,” by 
Mr. F. W. Branson, F.1.C., and Mr. F. H. Branson, A.1.C. 
The authors first reviewed their early work of investi- 
gation on pre-war tubing for lamp-workers. They then 
gave an analysis of the tubing they considered most 
suitable for lamp workers, together with a batch which 
on melting would give this glass. Tubing had been made 
from this batch, which was satisfactory in every way. 
It could be reblown many times without devitrification, 
and was especially suitable for making plugs, stopcocks, 
and bulbs. It joined easily with all the best British- 
made glasses, including the resistant varieties, and was 
quite suitable for the repair of pre-war imported chemical 
glassware. The glass was quite free from appreciable 
colour, and did not darken in the blowpipe flame. 





THe tate Mr. Rosnert Luke Howarp.—We regret 
to have to announce the death, which occurred on the 
15th inst., at his home in Teignmouth, of Mr. Robert Luke 
Howard. Mr. Howard had been for some sixty years 
head of the firm of Hayward-Tyler and Co., now Hayward 
Tyler and Co., Limited, 99, Queen Victoria-street, 
London, and Luton, Beds. He was born at Tottenham, 
Middlesex, on October 8, 1834 ; he served his apprentice- 
ship with Messrs. Fowler and Fry, of Bristol. (Later, 
Mr. John Fowler established the well-known engineering 
works at Leeds, now John Fowler and Co., Limited, 
and Mr. Fry carried on the Bristol business under the 
name of the Bristol Wagon Company, Limited.) In 
1855, Mr. Howard purchased the business which 
Hayward-Tyler had carried on since 1835— in succession 
to William Russell, who established it in 1815, and who 
was connected with Joseph Bramah when the latter 
invented the hydraulic press and made the first soda- 
water machines on the continuous principle. Mr. Howard 
had the advantage of the help of Mr. John Briggs, who 
had been with both William Russell and Hayward-Tyler. 
The business developed rapidly under Mr. Howard’s 
care, and in 1863 he was joined by his brother. Mr. Eliot 
Howard, and subsequently by Mr. Robert Samue! 
Lloyd and other partners. In 1871 the premises in 
Whitecross-street, London, where manufacture had been 
carried on for many years, could not be further extended, 
and large works were built at Luton, and in 1904 the 
Whitecross-street works were finally closed and the 
offices removed to 99, Queen Victoria-street, E.C. 4. 
In the meantime the business had been greatly developed 
in various directions. About 1868 the universal steam 
pump was introduced and became widely adopted, and 
was followed by the Hayward-Tyler duplex pumps which 
are now known all over the world. In 1905 the business 
was formed into a private limited company, Mr. Howard 
being chairman, a ition which he retained until the 
state of his health confined him to his home in the 
West of England. Mr. Howard had a strong sense 0! 
the responsibility of employers to their workpeople, and 
he treated his men with unvarying consideration. 
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HIGH-SPEED TURBINE GEARS.* 
By Geratp Stoney, F.R.S. 


Tue function of a gear is to connect two or more 
pieces of mechanism that are required to rotate at 
different speeds of revolution. Asarule, each mechanism 
has a certain speed at which it is most efficient, and has 
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high-speed cotton spindle. On the other hand, direct 
coupling can be adopted with efficiency between the 
cylinders of a locomotive and its driving wheels, or 
between the reciprocating engine of a steamer and the 
propeller. 

It is interesting to notice, in connection with the 
latter case, that in the middle of the last century there 
was difficulty in getting the reciprocating engine of 
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only a moderate range of speed above and below that 
speed at which it is reasonably efficient ; so that unless 
® sufficiently good compromise can be made between 
the requirements of the driven and the driving mechanism 
some sort of gear isa necessity. Thus gearing is nec 

to enable the slow-running mill engine to drive the 














_ * Paper read before the Manchester Association of 
“ngineers, on Saturday, November 22, 1919. 








- RAASADA AMA oy 











keg aS 


RR SS 


carried out by means of belts or ropes. With increased 
powers to be transmitted, troubles increased; and a 
t improvement was effected when the late Mr. 
illans bro t out (about 1884) his high-speed engine 
which could be coupled direct to a slow- dynamo. 
At about the same time the Hon. Sir Charles A. Parsons, 
K.C.B., F.R.S., made his compound steam turbine, in 
which, by reducing the speed of the turbine as much as 
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that date to run fast enough for the pro- 
peller, and gearing-up was in some instances 
adopted. * 

Another interesting example of the advan- 
tage of gearing is the bicycle. In the old 
days of the high bicycle or “ordinary,” 
where direct coupling was necessary, the size 
of the wheel was fixed by the length of the 
rider’s leg; and the length of the crank, as 
well as the clearance between the wheel and 
the saddle, were cut down to @ minimum in 
order to get as large a wheel as possible. 
Even then, the largest wheel that the average 
man could use was only 48in. to 54in. in 
diameter—and this with only 5 in. or 54-in. 
cranks. With the advent of the “‘ safety,” in 
which chain gearing is used, the wheel was 
reduced to 28 in., and the ‘‘gear,”’ or equiva- 
lent size of wheel, is increased to 70 in. or 
80 in., the crank being increased to 6 in. or 
64 in. The gain in the more efficient use of 
the human muscles is much more than the 
loss due to the inefficiency of the gearing. A 
further gain is made by the adoption of a 
variable gear, generally with three speeds, which enables 
the rider to use the gear most suitable for the gradient, 
wind, and road surface encountered at the moment. 

In the early days of the electric transmission of power, 
chiefly used at that time for lighting, gearing to be 
used between the slow-running reciprocating engine 


and the fast-running dynamo; and this was generally 








"* Bee Bourne on “‘ The Steam Engine,’’ page 319. 
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possible and increasing the speed of the dynamo as much 
as possible, direct coupling became practicable. His 
first turbo-dynamo, made in 1884, ran at 18,000 r.p.m., 
and was of 10 h.p.; and it may be said that the design 
of a dynamo able to run at speeds suitable for a turbine 
was quite as great an invention as the steam turbine 
itself. Without this invention, the turbine would never 
have porabey~ 4 - r has done ; pense ber difficulties in 
connection with the dynamo were probably greater than 
the turbine difficulties. 4 r ’ 
Similarly, when, in 1894, experiments were started by 
Sir Charles Parsons upon the utilisation of the steam 
turbine for marine propulsion, the t difficulty was 
to get the propeller speed sufficiently high to allow of 
its being coupled direct to the turbine; and it was onl 
after long and costly experi te that a workable 
compromise was seashell Despite the enormous 
development of the steam turbine for marine propulsion, 
one must remember that without gearing it was limited 
practically to high-s vessels of over 16 knots, and 
could not be applied to the great class of cargo ships 
running from 8 knots to 12 knots. The whole of these 
difficulties were swept away by the introduction of 
gearing which enabled both the turbine and the 
dynamo or propeller to run at their most efficient 
8 8. 
The problem of driving cotton mills and other mills 
by steam turbines has ee been solved by the introduction 
of gearing. The present position is that gearing is used 
in all cases for large powers, except in the case of steam 
turbines driving alternators, where it is found that a 
satisfactory alternator can be made for speeds suitable 
to the steam turbine ; but even here, for small sizes of, 








7 3° 


ENGINEERING. 


[Nov. 28, 1919. 








say, 500 kw. to 2,000 kw., a high-speed turbine is often 
geared to an alternator of moderate speed. 

With reference to types of gearing suitable for use with 
steam turbines; rope, chain and belt gearing are all 
impracticable, and the only types used are hydraulic, 
electric and helical. Ordi spur gears do not run 
well at high speeds, and in all cases, therefore, helical 
gears are used. 

Of hydraulic gears, the best known is the Fottinger 
(see ENGINEERING, vol. xciv, page 804, of December 13, 


1912; vol. xeviii, page 60 of July 10, 1915; and page 397 | 


of September 25, 1915); this was fitted to the Konigin 
Luise, a German ship sunk in the early days of the war. 
Its efficiency is low in comparison with helical gears, and 
it is not at present probable that it will come much into 
use, although it has the advantage that the gear ratio 
can be varied to some extent, and it can be made to 
reverse. On the other hand, it can be made efficient 
only for moderate gear ratios. There is also a provavle 
loss in efficiency owing to erosion of the propellers 
and casing. 


extra economy of coal by the use of geared turbines. 
The general result is, that the geared turbine (as pre- 
viously mentioned) has completely ousted the direct- 
coupled turbine for marine propulsion, and is in a fair 


The ordinary electric transmission of power from turbo- | 


alternators in power stations to motors is really a case 

of electric gearing, and need not be dealt with here. 
Marine electric gearing, where there are turbo- 

alternators coupled to electric motors, either on the 


eos weeny shafts or connected to them by helical gearing, | 


as been used to some extent on board ship. Its efficiency 
is low; and it is very doubtful, so far as can be seen at 


present, whether it will be able to compete with helical | 


gears, except in special cases. 


With these exceptions, the gear universally used is the | 


helical gear, which, among other advantages, possesses 
the highest efficiency, between 98 per cent. and 99 per 
cent. Al) recent warships have been fitted with geared 
turbines ; turbine-driven ships for the mercantile marine 


have such gearing, and it is probable that there is not | 


now a single ship being fitted with direct-coupled tur- 
bines. The introduction of helical gearing in large sizes 
has enabled ~~ of all s 
high speeds, to be successfully propelled by steam tur- 
bines. In this country aione some 16,000,000 h.p. of 
gears has been made, or is on order. 

Helical gear was first introduced in connection with 
steam turbines by De Laval, about 1889, in connection 


eeds, and not only those of | 


with his well-known single-stage turbine, which had | 


necessarily to run at a very high speed—about 30,000 
r.p.m. for a 10-h.p. and 10,000 for a 300-h.p. turbine. 
There was a single double helical pinion on the turbine 
shaft, and two low-speed wheels coupled to two dynamos, 
one on each side of the pinion. 
of the pinion was avoided if the loads on the two 


By this device, bending | 


oO 


dynamos were equal: but, of course, the twist of the | 


pinion had to be taken into account. 


The first application of a geared turbine to marine | 


propulsion was in 1894, when Sir Charles Parsons made 
a geared turbine for a launch of 10 h.p., running at 
33.000 r.p.m., and coupled to two propellers running at 
1,500 r.p.m. In this case the pinion was between the 
two gear wheels, as in a De Laval turbine. At about 
the same time a 150-kw. turbo-alternator was made for 
the Newcastle and District Electric Lighting Company ; 
the turbine at 9,600 r.p.m. being gea to an alternator 
at 4,800 r.p.m., and this plant gave what was a record 
consumption at that time. Little was then done in 
connection with geared turbines, until the Parsons 


Marine Steam Turbine Company decided to fit geared 
The Vespasian was | 
a cargo boat of about]750 h.p.; and after careful tests | 


turbines to the Vespasian in 1910. 








had been made with the original triple-exy gi 

they were replaced by a geared turbine, the same boilers, 
propeller and propeller shaft being retained. Correspond- 
ing tests were then made, which showed an increase of 
economy of about 15 cent. Further tests made 
between sister eo fitted with reciprocating engines and 
geared turbines show from 14 per cent. to 19 per cent. 
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Cutting the teeth with an end miller, as in the Citroen 
gears; planing or shaping out the teeth, as in Fellow's 
and Sunderland’s methods; and cutting the teeth from 
a hob, which is really a cutter in the shape of a worm. 


AWEAD STEAM FROM HP. TOL P., 
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way to oust the reciprocating engine, except in small 
boats. In order to obtain silence and smooth running in a 
high-speed gear, the utmost accuracy in the cutting of 
the teeth is requisite. It is not proposed to enter here 
into details of the methods of cutting gears; but it may 
be mentioned that there are three principal methods 
(among others) of generating such teeth. These are: 





The two latter processes have the advantage that the 
teeth are automatically generated from a straight-sided 
cutter. The last-named process is almost universally 
adopted, and it may be mentioned is used in the 
gear-cutting machines made by Messrs. Muir and Co., 
of Manchester, who have supplied large numbers of 


| machines for this purpose. 
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At first, considerable trouble was caused by the fact 
that the master worm wheel, which rotated the gear 
wheel, was not quite accurate ; and this difficulty caused 
Sir Charles Parsons to devise what is known as the 
‘“‘ereep,’’ where the gear wheel to be cut is caused to 
rotate at a slightly higher speed (about 10 per cent.) 
than that of the master worm wheel. By means of 
this device, the errors are not only reduced to about 
one-eighth, but are distributed in spirals on the gear 
wheel, instead of being parallel to the axis—a most 
important poimt. Even if the master worm wheel is 
true to begin with, it tends to wear out of truth, and the 





sides, thereby securing simplicity and accuracy in manu- 
facture. The angle of the hob varies somewhat in prac- 
tice; but — the angle of obliquity cf the too h 
adopted is th.t of the Brown and Sharpe tooth, namely, 
14}. deg. It is requisite that the bottom of the tooth be 
well rounded and have no sharp angles; and it is sur- 
prising that this precaution is so often neglected in gears 
of all classes. The angle of the tooth relative to the 
axis of the first gears was about 23 deg., but. 45 deg. has 
been very largely used; for the larger angle has been 
found to conduce to silent running. There seems to be 


a general opinion, however, that 45 deg. is rather too 


sure from nozzles against the teeth where hen | come into 
contact with one another. This large eupply of oil is 
n not only to lubricate the teeth but also to 
carry off the heat that is generated,a d itis usual to have 
j-in. to ¥y-in. nozzles of about 5-in. pitch, squirti 
oil under a pressure of 10 lb. to 20 Ib. per square inc! 
on to the line of contact between the gear wheels. The 
quantity of oil is about 1 gallon per minute for each 
100 h.p. to 150 h.p. transmitted. The gear-case must 
be well drained, for if the wheels were allowed to dip 
into oil at the bottom much heat might be generated by 





| the churning of the oil. 
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effect of such wear is minimised by the creep. As a 
result, this addition to the ordinary gear-cutting machine 
has been very largely adopted, and of the gears at present 
in use in this country about 85 per cent. have been cut 
on machines fitted with the creep.* 

Helical gears for geared turbines are invariably made 
with involute teeth, which have this advantage among 
others, that the centres can be slightly varied so as to 

ive the desired clearance between the teeth—for it is 
ound that this must be suitably adjusted so as to be 
neither too little nor too much. Another point is, that 
such gears can be generated from a hob with straight 





* For further details see Trans. Inst. Naval Architects, 
vol. ly, 1, 1913; ENGrInzeERING, vol. xcv, page 371, 
of March 14, 1913; and the Beama Journal, No. 2 
vol. v, April, 1919. 
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large; and the angle now generally adopted is about 
30 deg. , 

With reference to pitch ; fine pitches seem in most cases 
to give more silent running at high speeds ; and a normal 
pitch, that is, the pitch measured at right angles to the 
teeth, of 0-583 in. (or 7, in.) has been largely used in this 
country, with about (0-4 in. for small pinions or where 
extreme silence is of importance. In the United States 
larger pitches, of 0-9 in., or even more, are often used. 

"The minimum number of teeth in a pinion is 19, with 
normal addendum and dedendum ; 
prefereble. ‘ 
varying the addendum and dedendum interference can be 
avoided, and thus smaller numbers of teeth than these 
can be used in certain cases. 

The whole gear must be supplied with an ample 
amount of oil, which is generally squirted under pres- 


ut 22 to 25 is 


The power that can be transmitted by a pinion depends 
upon the allowable tooth speed, the allowable load 
per inch run, and the allowable distortion due to the 
deflection and twist of the pinion, which must be so small 
that the distribution of load on the teeth remains 
practically constant. Further, the stresses on the 
material must be within safe limits. All these limits 
can only be determined by actual practice, and in this 
country a conservative policy was very wisely decided 
on, and as experience was gained the allowable power 
transmitted by any given pinion was*increased. One 
result of this policy has been that failures of gears 
have been few and far between; in fact, the gear 
is quite as reliable as other parts of an installation, 
if not more so. 

Tooth speeds up to 120 ft. per second are common 
and have in many cases been exceeded. What is exactly 
the limit of speed is uncertain ; but so long as lubrica- 
tion can be maintained, there does not seem to be any 
reason why the figure given above should not be con- 
siderably exceeded. 

The load on the teeth is generally reckoned in 
pounds per inch run, and is, of course, the same whether 
per axial inch or per inch of tooth along the helix. It is 
determined by the safe limit of bending stress on the 
tooth and of the pressures at the points of contact, as 
well as by danger of the oil film failing. The bending 
stresses are in practice very low, and can in general be 
ignored. For similar crushing stress on the material 
of the tooth, the load per inch run will vary directly 
as the diameter; or p = ad, where p is the load per 
inch run in pounds, d is the pitch diameter of the pinion 
in inches, and a is a constant. Similarly, the stress on 
the oil film will obey some such law as p= bd". The 
whole theory of the lubrication of gear teeth is a most 
difficult one, and one that has been only partly worked 
out. It is not proposed to deal with it here; but 
reference may be made to a paper by Mr. H. M. Martin 





A peculiarity of involute gear is that by | 


in Enorneerine (vol. cii, page 119, August 11, 1916), 
in which a reason is given for the assumption often made 
that p = b/d. These two conditions mean that up to a 
certain diameter p = ad, and that above it p = b./d. 
| In this country, Messrs. Parsons, who were the pioneers 
in these gears, very wisely resolved not to exceed 
a = 80 and b = 175; but as experience has been gained 
b has been increased first to 220 and now to 250, and 
other makers of gears seem to have followed the same 
lines closely. In America, Mr. McAlpine has adopted 
a value for a of 105, and has ignored b. He claims to be 
able to use these high loads by the use of his floating 
frame gear, which will be described later; but it is 
only experience that can show whether such a device 
has any advantage and whether such high loads are safe. 
It is much better tokeep to moderate loads in the early 
days of such gears; and we are still only in those early days. 
With ard to the distortion of the pinion; this is 
made up of two items—the twist of the pinion due to the 
torque it transmits and the bending due to the load 
on the teeth. In estimating these it may be assumed 
that the load on the teeth is uniform along the 





pinion—or, in other words, that the torque di 


minishes 
| uniformly from the driven end to the free end of the 
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pinion. It may be further assumed that the effective 
diameter of the pinion is the pitch diameter. 
At any point « in Fig. 1, page 729, the torque T is: 








T,. = 7 o. St a SIO 
. 2 d 16 
where f is the sheer stress at the circumference of the 


, ‘ ‘ A; 4 
pinion and I is the polar moment of inertia, or se. 


Hence it follows that f = °?*_ If N is the modulus of 


7 
rigidity, which for steel is 12,000,000 Ib. per square inch : 
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would be largely reduced. In the case of a pinion without 
a centre bearing, however, the effect is only small, as 
shown in Fig. 3, page 729. 

As previously mentioned, it is found that in actual 
practice the principal thing to be taken into consideration 
is twist in the case of a pinion with a centre bearing, 
and bending in one without such a centre bearing. The 
exact angle that such a floating frame will take up is, of 
course, dependent upon the distribution of load 
along the teeth ; and whether it will be such as to ~~ 
a minimum of distortion as shown in Figs. 3 and 5, 
page 729, is a question. 

The general practice in this country is to have a rigid 
gear, and it is found that the distribution of wear along 
the teeth is quite uniform, without the necessity of 
such an arrangement as the floating frame. In this 
regard it must be remembered that the distortions in 
question are very small, never exceeding one-thousandth 





can show whether such a claim can be substantiated. 
Very wisely, the policy adopted here has been to go very 
cautiously until sufficient e «perience is gained. 

Another type is the Alquist gear, in which the gear 
wheel is made up of a series of plates so as to give flexi- 
bility ; but it does not seem to have been much used. 

It is not proposed to describe in this paper the applica- 
tion of such gears to marine work, which is, of course, 
by far the largest application of the turbine ; 
but a few typical instances of its application to land work 
may be of interest. 

An example of a geared turbine driving a cotton mill 
is shown on this page; this was supplied by Messrs. 
Richardsons, Westgarth and Co., Limited, of Hartlepool, 
to replace an old mill engine. The sg of the turbine 
is 3,000 r.p.m., and it drives a rope 3 ft. 10 in. in 
diameter by 4 ft. 10 in. long at 400 r.p.m., through a 
reduction gear with 24-in. centres, having a reduction 





which is a parabola. The twist in the first half of the 


pinion is: 
l= 2 z 
7 rN dad 
and in the second half : 
_ 3p 2 
v rN @ 


There are two cases to consider : The case where there 
is no centre bearing and the pinion is supported from 
the ends, as in Fig. 2, page 729, and the case where there 
is a centre bearing as in Fig. 4, page 729. 

The deflection of the pinion can be calculated in the 
usual way, and is shown by the curves ae and fg. 
To this must be added the twist, as shown by the curves 
abandcd. Adding these together, the total distortion 
is shown by the shaded area, the maximum distortions 
in each half of the pinion being 6, and 52. It must be 
remembered in estimating these distortions that the 
pinion is free to move endways. The gap shown in the 
middle of the pinion is generally necessary to enable 
the hob to clear the teeth in each half. 

It will be seen that in the case of a pinion without 
a centre bearing the bending or deflection is the chief 
thing to be considered; while in the case of a pinion 
with a centre bearing the twist is the chief thing. 

The allowable amount of distortion is very small, and 
in good design does not exceed 1/1,000 in. Of course, 
the stress on the material due to bending and shearing 
must be kept within safe limits ; but these are generally 
quite low. 

It is easily seen that the alignment of the gears in the 
gear-case is of the greatest importance, as also is the 
construction of the gear-case. There are two principal 
types ‘he rigid gear-case originally introduced by 
Sir Charles Parsons, which is the type generally adopted 
in this country ; and the floating frame type introduced 
by Mr. John H. McAlpine in America. 

Figs. 6 to 8, page 729, show a —_ gear having a 
pinion with a centre bearing, in which the gear-case 
1s a well-ribbed casing so designed as to support the 

inion and gear wk with a minimum of distortion ; 
Fig. 9, page 730, shows a double réduction marine gear, 
the pinions being without centre bearings. This latter 
plant is described in ENGIngexING of May 23, 1919, 
page 666, and was supplied by the British Westinghouse 

company. It was for 2,500 shaft horse-power, the 
turbine running at 3,000 r.p.m. and the propeller shaft at 
70 r.p.m. When the reduction ratio is large, it is found 
preferable to have a double reduction gear. In @ gear 
with a floating frame (Figs. 10 to 12, pages 730 and 731 ; 
the pinion is in a rigid Teme supported on a flexible 
support B, in Fig. 10. This, it is claimed, enables the 
pinion to take up a slightly inclined position, and thus 
reduces the effect of the distortion of the pinion. It will 
be seen that if, in the case of a pinion with a centre 
bearing the pinion took up the position a b cd, shown in 
Fig. 5, page 729, the effect of the distortion of the pinion 














of an inch, and that the inevitable elasticity of a rigid 
gear-box helps to diminish their eftect. Besides, the oil 
film in the rings is of very considerable thickness, 
probably of the order of several mils. Little is known 
about the thickness of the oil film in a high-speed 
bearing ; but there is evidence to show that its thickness 
is very considerable, and that it must be fairly thick is 
further shown by the clearance that has to be given in a 
high-speed bearing. This clearance is from 2 mils. to 
3 mils. per inch diameter, and thus is very large in com- 
parison with the distortions to be dealt with. A very 
small variation in the thickness of the oil film will 
therefore compensate for the distortion of the pinion. 
The rigid gear is the usual design adop in this 
country ; and the experience with some 16,000,000 h.p. 
of gears that have been constructed or are on order is, 
that it works excellently and is most reliable and efficient. 
On the other hand, the floating-frame type of gear is 
used largely in America, and is said to give excellent 
results; but it is a question whether such a device is 
pore | and whether quite as good results cannot be 
obtained by the rigid as adopted generally here. 
It is claimed that higher tooth loads can be used 
by the adoption of a floating frame ; but only experience 





ratio of 7-5 to 1. The drum takes thirty 1}-in. ropes 
and transmits 700 h.p. In this case the whole of the 
expansion from 160 fb. per square inch, 200 deg. F. 
superheat, to 26} in. vacuum (barometer, 30 in.), is 
carried out in a single 700-h.p. turbine. The steam 
consumption is 13-9 lb. per shaft horse power. 

The centrifugal circulating pump is on a belt-driven 
countershaft, and runs at 600 r.p.m., the air pump being 
driven at 120 r.p.m. from the same shaft by a chain 

ear. 
7 For starting up, a small vertical steam engine is 
provided to drive the countershaft by a belt and a claw 
clutch ; when the turbine is up to speed the countershaft 
is connected to the main mill shafting by a friction clutch, 
and the steam engine is taken out of gear. : 

An example of the combination of a geared turbine 
with a reciprocating engine is shown on the opposite 
page : it shows a plant by Messrs. C. A. Parsons and Co., 
Limited, for driving a wire salting mill, having two shafts 
running at different speeds. The compound recipro- 
cating engine runs at 80 r.p.m., and is supplied with 
saturated steam at 160 Ib. pressure, originally exhausting 
into a central condenser at about 14 in. vacuum, giving 
2,100 h.p. By allowing it to exhaust nt 16 Ib. absolute 
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and leading the steam into a turbine, exhausting into a 
condenser with 28-8 in. vacuum (barometer 30 in.), the 
engine gave 1,650 i.h.p., and the turbine 1,663 i-h.p., 
or @ total of 3,313 i-h.p., an increase of 58 per cent. in 
power with no increase in steam used, giving an increased 
The exhaust turbine runs at 
3,700 r.p.m., and the geared shafts at 500 r.p.m. and 


economy of 36-6 per cent. 


dividing of the turbine is the usual arrangement in marine 
geared turbines, and can be taken as typical of the 
practice in marine work, the details being modified in 
The example shown 


ractice. 
y Messrs. C. A. Parsons and 


accordance with marine 
in Fig. 15 was supplied 


Co., Limited, to a large cotton mill in Lancashire, and is 
of 2,300 brake horse-power normal, with 2,900 brake 


250 r.p.m. The difficulty of the uneven turning moment | horse-power maximum. Steam is supplied at 110 Ib. 


Fig 4. 
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of the reciprocating engine and the even turning moment 
of the steam turbine straining the gear is met by the 
flexibility of the rope drive. For starting up, the 
reciprocating engine can be exhausted to atmosphere. 
It may be noted that if the power supplied to each 
low-speed shaft is equal, there will be no eating of the 
Pinion, and the only distortion will be that due to twist. 
_ An example of a mill drive where the turbine is divided 
into a high-pressure and a low-pressure turbine geared 
to a single shaft, is shown on the next page. This 
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per square inch gauge, and 150 deg. F. superheat, and 
exhausts into a condenser at 27.9 in. vacuum (barometer 
30 in.), with cooling water at 80 deg. F. The high- 
pressure and the low-pressure turbines both run at 
3,500 r.p.m., the power being about equally divided 
between them; and they are geared to the rope pulley 
running at 250 r.p.m. The steam consumption is 
11-1 1b. per brake horse-power hour, as shown by tests 
made on a brake before despatch. 

The author wishes to express his thanks to his colleagues 


at the College of Technology for the help they have 


given him in preparing this , and also to the vari 
firms that tare aie nstalla. 


i = him jm gem of sample installa- 
tions that have m supplied. Many other firms have 
installed geared turbines for land pu ; those shown 
here must be taken as merely typical of such installations. 
The author also especially wishes to thank the editors of 
ENGINEERING for the loan of many of the blocks illus- 
trating this paper. 








REINFORCED CONCRETE ROADS, THEIR 


CONSTRUCTION, MAINTENANCE AND 
LIFE.* 


By W. Marruews Jones, M.Inst.C.E., City Surveyor 
and Engineer, Chester. 

In attempting to write a paper in favour of reinforced 
concrete road construction, I know I am treading upon 
somewhat dangerous ground, and am likely to arouse 
a great deal of opposition amongst my fellow engineers 
and surveyors because, firstly, we in this country, 
speaking generally, know very little of such road con- 
struction and its aeageyp and, secondly, an engineer 
and surveyor holding a public appointment under a 
council is subject to so much criticism (often unfair) 
from the ratepayers at large if new methods go wrong, 
that more or less he does not diverge from the older 
systems which in the past have given fair results. 
| _ I find it somewhat difficult to put into words all that 

I should like to say with to this class of road 
construction, inasmuch as opportunity of actual ex- 
perience has been limited, and the knowledge which 
other surveyors and myself have obtained has chiefly 
been acquired by ing papers which have either 
appeared from time to time in the engineering 
have been read on the subject in America. 
I hope that my paper will at least initiate a discus. 
sion which will throw new light upon the matter and 
that some good purpose will thereby be attained. 

Some nine or ten years ago a road widening in Chester 
had to be done, and it occurred to me that this would be 
| an a time to try a concrete road surface. 
| Accordingly, with the permission of my Highways 
| Committee I laid an area of about 400 cupeetielal yards 

of concrete. This was not reinforced, and was opened 
out a fortnight after completion. The surface has stood 
| exceptionally well as a surface, but owing, in my opinion, 
| to it having been opened for traffic too soon and to the 
| lack of reinforcement, it became wavy and bumpy. 

although it did not actually break up. The whole area 
was laid 8 in. in thickness, and was on a clay subsoil. 
Two months after being opened for traffic I was afraid 
(owing to the waviness) of iis breaking up. I therefore 
covered the surface with tarred chippings. This, in my 
opinion, obviated the breaking up, although the tarred 
chippings also became wavy, but not quite to the same 
extent as the concrete underneath. owever, I think 
that in the circumstances this first experiment stood 
| well, and to-day the surface is not in a bad condition. 
| The second experiment I carried out was on a main 
road leading into the town and taking about 700 tons 
| of traffic a day. Perhaps this experiment will not be 
considered a fair test, but it must be understood I am 
only giving my experiences. The lengths laid in this case 
| were reinforce ; they were 5 ft. wide each and about 

50 yards in length; each strip was placed between the 
| tramway margin setts and the kerbs forming the footways. 
| My reason for trying this system here was because I 

found that neither water-bound macadam nor tar- 
macadam would stand, and I was continually having 
| to repair these narrow strips. The reinforced concrete 
| surface has stood exceptionally well, and has been down 
for about seven years. I tar-spray this concrete once 
| @ year—if I happen to be in this district with the tar- 
spraying machine I do it twice. The tar-spray is after- 
wards covered before it is dry with }-in. granite chippings. 

In the third case, my cc ittee iecided, seven years 
| ago, that one of the streets in the centre of the town 
should be repaved with wood blocks as the old ones 
were worn out. The wood blocks were taken up and 
the concrete foundation ex . This concrete seemed 
to be in perfect condition, and I therefore discussed with 
my assistant the question of concrete carriageways. 
His a that the concrete would crack and break 
up under any weight of traffic. However, I determined 
to make an experiment and sent the 12-ton steam roller 
down the next day, marked out two lines along the 
centre of the concrete and allowed the roller to traverse 
up and down 200 times; this meant that 2,400 tons 
| passed over that particular area of concrete without the 
| slightest sign of a fracture being observed. Again 

my assistant was not satisfied, and suggested that the 

trial of a vehicle with broad rims like a steam roller was 
| no proof of the effect of a vehicle with narrow steel rims. 
| L agreed, and as a further experiment the next day sent 
| my 1,000-gallon ee gm machine (loaded) down to 
| the work. This hi when loaded, weighs approxi- 
mately 10 tons, and has to be drawn by the steam roller. 

It was sent up and down the same track as that used 
| by the roller on the previous day, and again I found there 

was no sign of cracking or breaking up. The steel tyres 
| of the tar machine are 4} in. wide. This experiment 

convinced me of the suitability of concrete as a carriage- 
| way surface. 7 
| About this time the corporation had served notice 
| on the frontagers under the Private Street Works Act, 
that a certain road in the district, known as Robert's 
| Lane, should be repaired and put in order, the estimated 


| cost of the work being 1,500/. The owners and frontagers 

| 
1. Paper read before the County © ils A iation, 

at the Roads and Transport Congress, Friday, Novem- 
ber 21, 1919. 
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objected, however, to the work being done at this cost. 
I then determined to make a bold bid for reinforced 
concrete road carriageways, and submitted fresh estimates 
to my committee tye Boye I thought the work 
could be done for 9601. This scheme was placed before 
the owners and frontagers and to. The work 
was carried out for the estimated figure, and, although 
taking only about 100 tons to 120 tons of traffic per day, 
this road has given the most complete satisfaction, and 
is as good to-day as when it was laid. ‘This carriageway 
actually cost 5s. ld. per superficial yard, and the main- 
tenance has, during the past 6} years, cost the corporation 
on an average, 14d. per superficial yard per annum, 
this being for tar-spraying the surface and covering with 
chippings. After this I tried one or two small areas in 
side streets, with the same result. 

White Friars was the next carriageway treated, and 
here again the work was successful, but it was for light 
traffic only. The cost of this work came to 6s. 3d. 
per superficial yard. t ‘ 

My Highways Committee have been so satisfied with 
these works that they are now allowing me to lay a 
reinforced concrete carriageway right through the main 
thoroughfare of the city, viz., Foregate-street and 
Eastgate-street. This street takes all the through traffic 
from Manchester, Warrington and Liverpool to North 
Wales, and I have roughly estimated that there is not 
less than 1,500 tons of traffic passing over this roadwa: 
each day. Along the centre of these streets, is a double 
line of tramway track, and this is being concreted in at 
the same time. A portion of the work has been com- 

leted and opened for traffic, and up to now the results 

ave been all that I anticipated. Of course, 3} months’ 
wear is really little to go by, but I have the greatest 
faith in this work being a complete success. Very 
careful observations are being made of the work, and in 
the event of its proving a failure I shall be able, from 
the statistics obtained, to find the cause and so remedy 
it in the future. I might add that we received the 
sanction of the Local Government Board to do this work, 
and I am happy to say that the Road Board have shown 
their interest in the experiment by granting my council 
the full estimated amount for carrying it out, viz., 
5,0001. I estimated for this work last January, at a 
cost of lls. 3d. per superficial yard, but up to now the 
cost has been 12s. 9d. per superficial yard ; this is owing 
to the price of cement going up &s. per ton, granite 1s. 
per ton, a slight increase in the cost of labour, and also 
to a strike of the men engaged on the work. 

If this scheme proves a success I shall ask my com- 
mittee to allow immediately 8 miles of my roads, which 
at the present time require reconstructing, to be done in 
a similar manner. It may be interesting here to say 
that if the 8 miles of roads are reconstructed with rein- 
foreed concrete I estimate the cost will be 13s. per 
superficial yard, making a total of 82,3681. If the work 
were done with granite sett paving on concrete foundation 
I could not in Chester estimate a lower cost than 25s. 
per superficial yard, or a total of 158,400/., or, again, 
if it were done with tar-macadam, including a foundation, 
17s. per superficial yard, or a total cost of 107,712. 

From these figures it will be seen that a reinforced 
concrete carriageway shows such a saving that if we can 
er construct these roads on right lines no other method 
will, in my opinion, stand a chance. 

Perhaps it will be convenient to state here the method 
adopted for laying this concrete, and other facts, which 
are as follows :— 

When considering the question of reconstructing the 
main street of this city my committee had a report from 
me as to two ways in which the street surface (which is 
at present paved with wood blocks in bad condition) 
could be reconstructed; one for a reinforced concrete 
surface, the other for a granite sett paved surface. The 
former was estimated to cost 5,0001., the latter 11,0001. 
These figures showed such a difference that my council 
agreed that the Highways Committee should try the 
experiment of reinforced concrete for heavy traffic. 

The concrete is mixed in the proportion of 5 to 1. 
The granite used is of the following sizes: 1} in., 1 in., 
} in. and 4 in. These are mixed in equal proportions, 
as I have come very firmly to the conclusion that it does 
not do to lay the larger material in the bottom and bring 
the finer material to the top. The secret in reinfo 
concrete road construction is, to my mind, to have all 
the interstices filled; one must have no voids, and 
I believe that by the mixing of the different sizes we get 
@ perfect mass of conglomeration of the matrix, which is 
as necessary in a road as it is in a concrete floor or beam. 
The proportions of the concrete are 3} of granite, 14 of 
clean sharp sand to 1 of cement. The sand must be 
perfectly clean and free from clay or soil. The cement 
must be of the best quality to be obtained and medium 
setting, and in this respect I have been helped by the 
manufacturers supplying it; thev have given me every 
assistance to get the right material. The reinforcement 
used is that of a well-known engineering firm, and, as 
T have stated on many occasiors, seems to me to be the 
best material for the work. I use what is known as their 
No. 9 fabric. As a rule one does not like, in a paper of 
this kind, to mention the names of firms supplying the 
various materials, but on inquiry I will give the necessary 
information, as it is only my desire to give to my fellow 
engineers and surveyors and those interested in road 
construction and maintenance all the facts possible: 
I am, of course, always open to try some other materials 
if it is proved that they are better than those I now use. 
When the concrete surface has been completed—that is, 
after it has been trammelled to the contour and allowed 
to set, I tar-spray the surface and cover off with }-in. 
granite chippings. 

This concludes my brief account of the work I have 
had in hand in Chester, and I now propose to touch 
briefly on works carried out by other surveyors so far 
as my knowledge extends. 








GEARED TURBINES 
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It will be remembered that between December, 1914, 
and March, 1915, Mr. H. T. Chapman laid an experi- 
mental length of reinforced concrete road near Gravesend, 
the subsoil of the district being chalk. The concrete 
was mixed in the proportions of 6 to 1, and the road 
takes at least 1,000 tons of traffic perday. For national 
reasons it was im ible to close the roadway to traffic, 
so it was decided to do half the width of carriagewa 
at a time and allow the traffic to use the other h 
whilst the work was in progress. This method in a 
narrow carriageway is not to my liking, but I very much 
admire Mr. Chapman for his courage in adopting it, 
and his experiment has taught us many things which 
we did not know or, if I may say so, understand. 

However, the work was carried out under abnormally 
bad weather conditions. I am told that frost prevailed 
on many days; when there was no frost, more or less 
rain was coming down, and everyone who had made 
a study of this class of road construction therefore 
came to the conclusion that it would be a wonder if 
this road stood at all. Events proved that it did not 
stand, and that when the traffic ran over it the surface 
soon showed signs of wear and tear, and many holes 
appeared. The bad places were hacked out and tar- 
macadam laid on.’ In spite of this questionable failure, 
Mr. Chapman, however, decided to commence work on 
the other half of the carriageway, and on this occasion he 
was favoured with better weather conditions. He 
also adopted a different method of construction, for 
instead of putting the full 6 in. in depth of concrete with 
a 6 to 1 mixture, he laid the bottom 4} in. with 6 to 1 
and the top 1} in. with.a richer and finer mixture, viz., 
3 of grit and sand to 1 of cement. This second portion, 
which has now been opened for traffic since, I believe, 
1915, is meee as it was the day it waslaid. This latter 
method o' <ye two-coat work is naturally more 
expensive and ious than the mixing and laying of 
the concrete in one body. I am quite convinced, how- 
ever, and I think Mr. Chapman will agree with me, that 
if the work of the first half of the roadway had been 


AK 


commenced, say, in March, 1915, instead of ending then, 
the whole roadwork would have been a great success. 
However, as I have said, Mr. Chapman has given us all 
an experience and taught us that concrete roadways 
should not be laid in winter. 

Dealing with other reinforced concrete roads, I do not 
think I can do better in the first place than give an 
extract from an address on ‘‘ Roads” delivered by 
Mr. R. L. Bendall, of Bournemouth, at a meeting of the 
Gosport Rotary Club, on July 10, 1919. 

Amongst other things Mr. Bendall states :— 

“Some of you visit occasionally a picture palace. 
You see in an American film a fine stretch of road of a 
white surface ; a motor car comes along at a high rate 
of speed. You will notice there is no dust rising from 
the road surface, although the car is moving at great 
speed. That road which the car is going over has a 
concrete surface and is quite free from dust, as it is free 
from mud in winter, and is a luxury in road travel. 
There is practically no camber, and therefore little 
likelihood of side slipping for horse traffic. This country 
is an old country, and therefore goes slower than the 
younger ones. It keeps somewhat in the old grooves, 
and so we stay and go on spending each year in the 
maintenance of roads the huge sum of nearly 10,000,000. 
per annum. 

“Mr. H. T. Wakelam, the surveyor of the County of 
Middlesex, estimated in 1914 that to strengthen the 
rural main roads to carry heavy motor traffic would 
involve an expenditure of 80,000,000. ; the rural district 
roads another 184,000,000/.; while the roads in urban 
districts would cost a further 22,000,0001. So that in 
1914, before the roads had had the excessive war traffic 
over them, we should have a total expenditure of 
286,000,0001. to place them in a condition to carry 
weights of present-day traffic. The mileage of all roads 


under the control of 2,128 authorities in England, Wales 
and Scotland is 176,784 miles. The upkeep of a main 
artery: of a busy town costs in maintenance from 200l. 





The cost to construct & 


to 3001. per mile per annum. 
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reinforced concrete road would be somewhere from 
4,0001. to 5,0001. per mile, and it has been proved that 
the maintenance of such a road works out under 10. 
per mile per annum, so that in about sixteen years the 
road would have paid off its first cost on the saving in 
maintenance.”’ 

“To prove this, I will give you a few inst 


bottom, and consisted of B.R.C. fabric, havi wires 
of 10 and 5 gauge. The concrete was a mixture of 6 to 1, 
and when both sections had been completed to nearly 
the thickness previously mentioned, a } in. floating 
was made with cement mortar. This experiment was to 
determine the relative time to break ans of the same 





embracing Australia, United States of America, Canada 
and this country. 

‘Part of St. Kilda-road, Melbourne, is a reinforced 
concrete one. It was constructed about five years ago. 


than 3d. per square yard per annum. This road has a 
motor-’bus service over its surface, together with the 
ordinary town traffic of a main road. Prior to 1915, 
the County of Outagamie, Wis., U.S.A., had built 
60 miles of new macadam roads. During the year 1915 
the maintenance of these new roads cost the county 
801. per mile, while for 55 miles of reinforced concrete 
roads during the year of 1918 the approximate main- 
tenance was under 4/. per mile, a saving each year of 
76l. per mile of road, or a total of 4,180/. 

“The Town County of Islip, on Long Island, New 


d ions through each type of concrete. On May 11, 
1915, five men started at 3.10 p.m. on each section to 
excavate holes, the dimensions being 3 ft. 2 in. by 
2 ft. 2 in. Fifty minutes later the hole was completed 


| through the reinforced concrete portion, while the other 
The cost of the maintenance on the road has been less | 


five men had not finished their work through the 12-in. 
section unreinforced. The concrete was made with an 
excellent quality of Thames ballast. The reinforcement 


| in the reinforced section was cut with a cold chisel and 


York, in 1917 laid a length of reinforced concrete road | 


across marsh land from 14 in. to 6 ft. deep, of very 
boggy material. The concrete road was 6 in. at the side 
and 7 in. in the centre. About 645 ft. by 16 ft. was 
affected by tidal water and at times covered. Not a 
single pales 5 or any evidence of settlement showed during 


the seventeen months the road has been opened to traffic, | 
although large numbers of heavy vehicles, both horse | 


and motor drawn, had passed over it, while tramway 
cars had been running continuously on the tramway 
track laid only 2 ft. Ban the edge of the reinforced 
concrete road. 

“In Canada, the Toronto to Hamilton main road, 
in 1914, carried over its surface a daily average of 520 
vehicles ; 262 were private motor cars, three commercial 
motors, 199 horse-drawn private vehicles and 56 horse- 
drawn commercial vehicles. At this time the road was 
&@ water-bound macadam. 

**In 1915 it was converted to a concrete surface road ; 
immediately the traffic increased very considerably. 
In 1917 it attracted 3,841 vehicles over it daily, of which 
3,065 were private motor cars, 107 commercial motor 
cars, 148 horse-drawn private vehicles and 41 horse- 
drawn commercial vehicles. 

“The maintenance during the two years of this road’s 


existence has been at the rate of less than }d. per super- 


ficial yard, while the maintenance of the previous 
macadam road had been approximately 3s. per superficial 
yard.” 

Dealing with other cases of which I have some personal 
knowledge, and which are also referred to by Mr. Bendall, 
Mr. 8. A. Hill-Willis, surveyor to the Tilbury Urban 
District Council, in 1916 laid a trial length of reinforced 
concrete road on a soil of alluvial drift 40 ft. deep before 
reaching firm ground, It has over it daily more than 
250 vehicles, in addition to motor vehicles and tractors, 
the pre-war census of these being 89 daily. This trial 
section was laid on the main road leading to the Tilbury 
Docks, and all traffic in and out of them has to pass over 
it. A few months ago I had an re iene | of inspecting 
this road, and the surface appeared to be in perfect 
condition. On inquiry, I found that the actual main- 
tenance cost since construction had been nil. I should 
also like to add that when walking from Tilbury Station 
towards this work, the reinforced concrete portion is 
noticeable at a distance of at least 200 yards. It seems 
to stand out conspicuously as a level stretch of road 
surface and, when compared with the ordinary macadam 
surface at each end shows, to my mind, the great 
advantage of concrete. 

At the beginning of the war, the Government built a 
large military camp at Chiseldon and constructed over 
2 miles of reinforced concrete road foundation, on which 
it was intended to impose some type of wearing surface. 
The military authorities, however, eventually decided 
to run the traffic directly on the concrete. Nothing 
has been spent on the road, it has borne very heavy 


traffic, and it is in good condition to-day, while other | 


roads in the camp have had to be practically remade 
on several occasions. I saw these roads, while under 
construction, on two occasions, and was fully convinced 
that they would give satisfaction. 

In Dunfermline, Mr. P. C. Smith, the late surveyor, 
reconstructed a street with reinforced concrete surface, 
replacing setts on a clay foundation. The width of this 
thoroughfare was 15 ft. 6 in., and the length about 
one-third of a mile. The only expense in maintenance 
since reconstruction has been about 1/. per annum for 
tar-spraying. The heavy traffic over this thoroughfare 
consists of the naval base traffic to Rosyth, as well as 
the ordinary town traffic, together with a motor-’bus 
service, and on making recent inquiries I was informed 
that the surface is in really good condition. 

With reference to the statements often made by water 
and gas companies, as well as by contractors and others, 
that a reinforced concrete road prevents easy access to 
mains and sewers, and that it causes extra labour to 
excavate, it is interesting to note the following case 
quoted by Mr. Bendall :— 

“In 1914 a certain gas company brought an action 
against a certain local authority who had laid down a 
reinforced concrete road foundation, claiming that by 
so doing it put them to extra expense getting to their 
mains. The judge who tried the case ordered a test to 
be made between plain and reinforced concrete. 

“On November 3, 1914, acting on the judge’s instruc- 





tions, Messrs. John Mowlem and Co., Limited, a large | 


firm of London contractors, laid two sections, both being 
an area of 12 ft. superficial. One was of plain concrete, 
12 in. thick, the other was reinforced concrete 6 in. thick. 

“The reinforcement was placed about 2 in. from the 


| doing this at night. 


did not give any ae trouble in breaking it up.” 

With a view to showing the comparative strengths of 
reinforced and unreinforced foundations, I have been 
supplied by the British Reinforced Concrete Engineering 
Company with the following figures for the “‘ resistance 
movement”’ per foot width: Concrete, 6 in. thick, 
reinforced with No. 9 B.R.C. fabric, 13,000 in.-Ib.; the 
same unreinforced only 4,000 in.-lb. Concrete, 9 in. 
thick reinforced with No. 9 B.R.C. fabric, 23,000 in.-Ib. ; 
the same unreinforced only 10,000 in.-lb. Six inches 
of reinforced concrete is therefore equal to between 
9 in. and 12 in. of concrete unreinforced. 

Having said so much, I propose drawing my remarks 
to a close with a few observations as to the methods 
which should, in my opinion, be adopted by surveyors 
who are about to construct reinforced concrete roadways. 

1. Whenever it is intended to lay a reinforced concrete 
carriageway, the engineer or surveyor to the council 
should give six months’ public notice in the press of his 
intention, so as to give proper y owners on each side 
of such street an opportunity of having their gas, water, 
electricity or drainage services examined and, if found 
faulty, put right. 

Further, I strongly advise that whenever such services 
are examined, no charge should be made to such property 
owners for street repairs or maintenance from the time 
they have opened such roadway till such time as the 
surveyor commences his work. The upkeep and main- 
tenance should be borne by the council, as I believe this 
does encourage examination and putting in order of 
the various services. Notice in writing should also be 
served on the water, gas and electrical engineers of the 
town. 

2. If a new street is to be formed it should be arranged 
wherever possible that gas, water and electric mains 
should go down the footpaths, and wherever a pipe, line 
or electric main crosses the carriageway, they should be 
laid through stoneware pipes of sufficient diameter to 
allow (in case of bursts or escapes) of such pipe or cable 
being drawn from one footway to the other and so save 
breaking up the carriageways. 

3. Drainage of the road bed is vital and should not be 
neglected and thought of no consequence. 

4. The subsoil should be of uniform density and 
should be thoroughly consolidated. 

5. The aggregate used must be clean, hard and tough, 
and free from foreign matter. 

6. The fine aggregate (sand) should be coarse and well 
graded. 

7. A rich mixture must be used. 

8. Materials must be accurately proportioned, gauge 
boxes to suit the proportions should be accurately 
made, or if the mixings are done by weight then correct 
methods of weighing should be observed. Too much 
caution cannot be observed in carrying out this instruc- 
tion. 

9. Mixing must be thorough. If by hand, not less 
than twice dry and three times wet. If small areas are 
to be done it would not pay to mix by mechanical means. 

10. Sloppy concrete must not be used. This is 
entirely a matter for the resident engineer or supervisor 
on the work to determine, as much depends on weather 
conditions prevailing at the time of laying. (I might 
add that whenever I start work of this kind I always 

nd the whole of the first two days on the spot to see 
that my requirements are properly carried out and that 
whoever is in charge on my behalf will be fully conversant 
with them. 

1l. Reinforcement is necessary, and not only 
strengthens the concrete but prevents to a very large 
degree cracking of the concrete. 

12. Supervision must be intelligent and thorough. 
I would also add constant, for I can assure anyone 
undertaking concrete work of this character that it 
certainly pays to have a conscientious assistant from 
the office or a reliable person in charge who will see that 
every mixing is eee | gauged, turned over and laid. 
My practice is that not a mixing shall be done unless 
someone in authority and on my behalf is present. 

13. Concrete must be prevented from drying rapidly. 
If this is not done it will be found that the upper surface, 
owing to either sun or wind, will dry more quickly than 
the lower portion. It is therefore advisable after the 
first 24 hours to water the surface of the concrete by 
means of a fine rose from a watering can as often as it 
may be thcught necessary, the watchman on the work 
I do not agree with covering the 
concrete over with wet sand and keeping the same 
damp. 

Up to now I have found that, speaking generally, 
using a medium setting cement, it usually uires four 
weeks for the concrete to set before it is ready for traffic 


| to go over the surface. 


If the foregoing conditions are observed in the laying 
of reinforced concrete roadways I am of the firm opinion 
that we shall have few failures in this country in carrying 
out our work. Careful observations should be made as 
to weather conditions whilst the concrete is being laid, 
and a note taken of any other incidents that may appear 


to be trivial at the time but which may give us inform® - 
tion as to the cause of any failure. 

I should like to add that in my opinion a reinforced 
concrete roadway poopety made is to-day the most 
efficient and economical—it is waterproof, it is the most 
sanitary road that can be constructed, it is practically 
dustless in summer and mudless in winter, it reduces 
scavenging costs to a minimum and is practically non- 


«It will be noticed I have not dealt with concrete roads 
in America, except in so far as I have reproduced extracts 
from Mr. Bendall’s paper. The reason for this is that 
my only knowledge of these roads is from reports issued 
by the Americans on the subject, but if all we hear and 
read about such roads is true, then the engineers and 
surveyors in America have given this country a good lead 
in the matter. 

We are told by the Governn ent that economy must 
be our watchword in carrying out our duties. English 
engineers and surveyors are sadly in want of first-hand 
information with regard to reinforced concrete roads. 
I would like therefore to take this opportunity of urging 
as strongly as 1 am able that the Ministry of Transport 
should oa a few engineers and surveyors and some 
of the Ministry's officials to visit America and make a 
thorough investigation of reinforced concrete roads 
and the methods adopted by, American engineers. 
A report could then be brought up and circulated. Such 
deputation could make their investigations in, say, six 
weeks, and I believe the cost of such a visit and report 
would be infinitesimal as compared with the probable 
saving to the ratepayers of this country of some millions 
of pounds in the way of road construction and main- 
tenance. 

It may be urged by the Ministry that now is not the 
time to make these investigations, but with due deference 
I disagree. Let the investigations be made before the 
winter and the report be finished, say, not later than 
February, so that engineers and surveyors preparing 
their programme for street works for 1920 and 1921 
may have some authorised report and advice on which to 
base their schemes, especially as ards reinforced 
concrete roads, otherwise we shall still be going very 
much on the lines of road construction that has been in 
vogue for years past when only horses and large wheel 
bicycles used the roads. To-day we must alter. We 
must face the enormously increasing mechanically- 
|=. sung traffic on our s, and to this end I ask the 

inistry to allow a few engineers to investigate the 
hundreds of miles of reinforced concrete roads which 
we are told have been successfully laid, and so save us 
spending money on out-of-date road construction. 

I must offer ay apologies if I have not made this 

paper interesting, but time was limited and many thin, 
I could have urged in favour of reinforced concrete roads 
have necessarily been left out. If, however, I can be of 
service in any way to any of my fellow engineers and 
surveyors in this country, I shall only be too pleased to 
give, willingly and ungrudgingly, what advice I can on 
this question. 

In conclusion, I desire to acknowledge gratefully the 
help I derived in compiling these remarks from the pa‘ 
written by Mr. Bendall, to which previous reference 
been made. 





CEMENT CONCRETE PAVEMENTS IN NEW 
ZEALAND AND THE UNITED STATES 
AND CANADA.* 


By Watrer E. Busn, M.Inst.C.E., M.Inst.Mun. & C.E., 
M.N.Z.Soc.C.E., M.Concrete Institute ; City Engineer, 
Auckland, New Zealand. 


In the following paper the writer proposes to outline 
his personal experience and opinions on the use of 
Portland cement concrete as a combined foundation 
and surface pavement for urban traffic streets in the 
City of Auckland, New Zealand, and to give some notes 
of his observations on the use of concrete in the same 
manner for highway purposes in the United States and 
Dominion of Canada. 

In the course of his official duties the writer submitted 
a report to the City Council, Auckland, upon the streets 
of the city, dealing, inter alia, with the relative merits of 
various forms of paving, in which he stated his belief 
in the future of concrete paving for climates like that 
obtaining in Auckland, especially as motor traction 
would tend more and more to replace horse traction in 
the future, and in respect to a number of streets he gave 
alternative estimates for paving such streets in com- 
pressed asphalt, wood block, stone setts and concrete. 
It was not, however, until the latter end of 1915 that 
the City Council authorised him to put down the first 
cement-concrete pavement in the city, although cement- 
concrete foundations had been put under all paved 
streets. The measure of success met with in the first 
street has led to its increasing use, and practically all 
streets that have since been permanently paved have 
been carried out in cement concrete, and when the writer 
left New Zealand in March last, some 35,000 yards in all 
had been completed, 14,000 yards were in hand, and 





an additional 135,000 yards had been authorised. 
The first street to be paved was Little Queen-street, 
| 423 ft. in length, and lying almost due north and south, 
80 exposing it to the suns rays for the middle part of the 
day, which means in summer time that the surface 
temperature is often as high as 120 deg. F., and may 
sometimes exceed that. Its mean elevation is 9 ft. 
above sea-level, and it serves the back or cart entrances 
of a number of warehouses and works to and from which 
* Paper read before the County Councils Association, 
| at the Roads and Transport Congress, Friday, Novem- 
| ber 21, 1919. 
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traffic is of the heaviest description, both two and three- 
horse lorries and also motor trucks being used, carrying 
the largest loads that the very flat grades on the water 
front make possible, and it is also subjected to much 
turning and twisting traffic from the fact that many of 
the warehouses have cart docks, and practically all 
unloading is done by backing the lorries and trucks 
either into such cart docks or against the kerb. _ 

The street was prepared for paving by scarifyin the 
water-bound macadam, excavating to the required dept 
and preparing and rolling the subgrade to the required 
camber to receive a uniform thickness of 8 in. of pave- 
ment, with a fall from the crown to the channel of 
approximately 1 in 36. ‘ 

wo-coat work was adopted, the lower 6 in. of 7 to 1 
concrete and the upper 2 in. of 3 to 1 concrete. _The 
7 to 1 concrete consisted of 5 parts of clean beach shingle 
having a fair proportion of sand, two parts of broken 
basalt between 1 in. and 2}-in. gauge, and 1 part of 
Portland cement (New Zealand manufacture), while the 
3 to 1 concrete consisted of 2-25 parts of beach shingle, 
0-75 parts of j-in. gauge basalt chippings and | part 
of cement. The top 2 in. was laid immediately after 
the lower 6 in. had been roughly brought to its ag 
shape, and while it was quite green, so as to ensure that 
the whole 8 in. was practically homogeneous. 

The surface was brought to a proper camber by a 
straight timber template shod with steel, operated 
transversely to the longitudinal axis of the street, from 
the centre to the channel, on screeds of angle iron fixed 
to bars in the ground, after which it was steel trowelled 
till it presented a wet even surface; after setting had 
commenced it was lightly broomed to remove > Faring 
of any portion of the surface, and when setting had taken 

lace the surface was covered with bags and kept wet 

or eight or nine days. 

lt being midsummer, only three weeks was a!lowed 
before the paving was opened to traffic. It was then 
allowed to carry the traffic for nine months, before 
being treated with Californian asphalt, brushed on hot 
and dressed with screened beach shingle. 

Prior to the application of the asphalt dressing the 
surface showed slight signs of wear in one or two places 
where the quality of the shingle had not been so good 
as in the remaining portions, a fact which emphasises the 
necessity of only using the best qualities of aggregate 
available in this class of pavement. 

The next street (Durham-street) was done with one- 
coat work 7 in, thick of 5 to 1 concrete, the traffic con- 
ditions not being so severe as in the first-mentioned, 
and it was left untreated and has stood quite satis- 
factorily since its completion in October, 1916. 

The third street to be paved in concrete (Park-road) 
forms a portion of Auckland’s busiest traffic outlet, and 
lies immediately eastward of the important reinforced 
concrete viaduct known as Grafton Bridge, which is 
surfaced with compressed Neuchatel asphalt. 

It carries mixed traffic, most of which is fast travelling, 
and including heavy petrol motor wagons and char-a- 
bancs, but no motor "buses similar to those so common 
in London, the number of vehicles counted being over 
2,000 per day of 10 hours. 

The work was done in two halves to prevent stoppage 
of the traffic, and was much delayed by difficulty in 
obtaining shingle owing to bad weather, and this resulted 
in some shingle being used which was not absolutely 
first-class and also in the street being opened up for 
traffic sooner than was advisable, and it caused the writer 
to cease using shingle for aggregate and to substitute 
therefor broken basalt and sharp sand, as he came 
to the conclusion that the desire of the inspector and 
foreman on the job to get on with the work might pre- 
judice their judgment in deciding as to the suitability 
of shingle brought on to the job, while with the basalt 
and sand he could practically ensure the obtaining of a 
standard of quality. 

The alteration was made during the progress of the 
Park-road job, which was a one-coat pavement of 5 to 1 
concrete, 8 in. thick, and the bays done with the basalt 
and sand aggregate showed enough superiority to the 
rest of the work to justify his conclusion and he has since 
found no reason to modify it. 

With the exception of a short length of the basalt and 
sand concrete, the whole surface was treated with a 
dressing similar to that used on Little Queen-street. 

‘ The accompanying schedule shows the work done to 
ate :— 











area being an average thickness of 3 in. and the remainder 
34in. This was only completed in March last. 

Note.—The prices paid for labour and materials were 
as follows: Labourers 10s. 7d., finishers and machine 
men lls. 7d. per day of 8 hours; cement delivered 
50s. per ton; basalt chips and screenings 10s. 3d., basalt 
road metal, 2} in. gauge, 9s. 3d., and sand 10s. 11d. 
per cubic yard. 

In all the streets paved since 1917, the paving has 
been one-coat work of concrete, composed of clean 
basalt chippings and screenings varying from 1} in. 
auge to ‘fines’? mixed with 25 per cent. of sharp 
Seach sand free from shell and gauged with Portland 
cement in the proportion of 5 of aggregate to 1 of cement, 
but prior to the concrete being laid the sub-grade is 
sprinkled with 2} in. clean basalt road metal as a 


Vancouver, B.C., and thence to Victoria, B.C., Seattle 
Portland, O m, San Francisco and the Bay Cities 
Los Angeles, San Dine. Salt Lake City, Kansas City> 
Chicago, Milwaukee, Niagara Falls, Buffalo, Toronto, 
Detroit, Washington, Wilmington and the State of 
Delaware, Philadelphia, New York, Fall River, Boston, 
Montreal, Ottawa and Quebec, covering some 9,000 
miles by rail and 3,000 by motor car, which enabled him 
to see various forms of pavement and gain considerable 
information on the question of concrete : 

Generally it may be stated that concrete has not been 
largely used as a pavement for heavy traffic streets 
in large cities, but it has and is being used extensively for 
residential streets in cities and for paving highways 
leading out of and ec ting cities together, and those 








of economy. In all cases the sub-grade is carefully pre- 
ared and rolled solid, and steel rod reinforcement is 
aid transversely over trenches likely to cause trouble 
by subsidence. 

The concrete is mixed by machine, one gang using 
a “Eureka” continuous self-mixing type and the 
other a 7 cub. ft. “‘ Koehring”’ batch mixer fitted with 
boom distributing hopper. Both machines have given 
fair results, but neither is ideal, the writer preferring a 
“batch” to a “continuous” mixer, and in the case of 
the batch mixer one of larger capacity ; but he had to take 
what was available at the time. 

On the question of hand versus machine mixing he 
has a decided preference for the latter, and is surprised 
that so few are being used for concrete work in street 
foundations in this country. In America their use is 
universal, and on both counts of economy and efficiency 
he would strongly advise their adoption. 

Dealing with the much-discussed question of joints, 
the writer has adopted the use of tarred paper, folded 
to form two thicknesses, and these are placed approxi- 
mately 56 ft. apart, the length of bay being laid 14 ft., 
and four bays a convenient length for a joint. 

Out of 35,000 yards laid, of which only 5,216 had been 
coated, not a single crack had been discovered between the 
bays, and only in Little Queen-street and Park-road, in 
which shingle concrete was used, were there any notice- 
able signs of wear. The tarred paper joints and those 
formed by the junction of two bays are coated with 
asphalt and fine shingle. 

In America cracks are often seen in concrete roads, 
but most engineers there do not attach any importance 
to them, but treat them with some sort of asphaltic 
filler. 

Where concrete paving is laid in streets with tramway 
tracks, a longitudinal wall, 9 in. wide and as deep as 
the bottom of the tram track foundation, is put under 
the pavement 18 in. from the outer rail, to prevent dis- 
turbance of the pavement when the track, mostly laid 
on sleepers, is being packed or repaired. A stone sett 
margin is used to separate the pavement from the portion 
of road occupied by the tram track, which: is surfaced 
with bituminous macadam, 2 in. thick, laid on water- 
bound macadam in the margins and between rails and 
well rolled. 

The cross fall adopted is 1 in 36, unless special con- 
ditions necessitate a variation. 

The method of finishing adopted has been similar 
to that used in the case of Little Queen-street, but now 
a belt is being used with good results. 

Arising from his experience in carrying out concrete 
paving the writer desires to emphasise the adoption of 
the following precautions :— 

(a) The thorough preparation of the sub-grade or 
foundation, including the use of a suitable steel rein- 
forcement over trenches or holes where subsidence may 
take place. 

(b) The use of the very best quality and uniformity of 
aggregate and cement, and their thorough mixing, with 
as small a quantity of water as is necessary to ensure 
density of mass and smooth finish. 

(c) The utmost care in the tamping, screeding and 
trowelling of the pavement. 

(d) The keeping damp of the concrete during the 
process of setting and hardening. 

(e) The allowance of ample time for setting—never 
less than three weeks in summer and four in winter or 
damp or cold weather, and preferably longer, before traffic 
is allowed to use the pavement. 

In regard to concrete roads in America and Canada 
the writer has recently spent 3} months touring the 


























| 
| | Cost per 
Length | Area in | Thickness Square Date 
Name of Street. in | Square in Yard, of Remarks. 
Feet. | Yards. Inches. | Pavement Completion. 
only 
8. d. 
Little Queen-street 423 2,187 8 10 0 Feb., 1916 See paper. 
Durham-street 212 390 7 9 0 Oct , 1916 See paper 
Park-road 650 2,984 8 FT July, 1917 See paper. 
Market roads ‘ 640 1,340 7 8 0 March, 1918 Untreated 
Exchange-lane tee 140 155 4} 5 3 Dec., 1917 Untreate 
Quay-street Extension 530 3,828 8 9 0 March, 1918 ee Intersected by railway 
: sidings 
King’s Wharf-road 605 2,351 8 9 0 May, 1918.. of —— Intersected by railway 
sidings. 
Beach road... 1,896 12,801 8 — | May, 1919 ..| Double track tramway. 
Anzac avenue 2,347 9,909 8 — — Under construction in March, 1919. 
Symonds street 3,100 138,427 | 8 —_ Sept., 1919 | Double track tramway. 








Total length, 10,543 ft. 


In addition to the above an area of over 2,000 sq. 
yards in Pitt-street, on which trial lengths of proprietary 
bitumi pav t ‘had been laid on a 6 in. concrete 
foundation and had failed, was surfaced on the old con- 
crete foundation with a rich concrete (3 to 1), half of the 





Total area, 49,372 square yards. 


United States and Canada in order to obtain information 
on municipal works and administration, and one of the 


4 s who have laid or are laying it seem convinced 
of its value and suitability, even for the extreme con- 
ditions of temperature and weather that are experi- 
enced in America and Canada. 

The writer found excellent methods of organisation 
in connection with the carrying out of work by contract 
and direct labour, and also the utmost care being taken 
to secure good results, although none of the concrete 
pavements inspected showed any marked superiority to 
those recently laid in Auckland. 

In the earlier executed pavements seen it was evident 
that, as in all pioneer work, the success achieved was 
only moderate. It would, however, be a grave mistake 
to judge concrete pavements by such early examples, 
and at the present time nothing is being left to chance 
in the securing of the best results, and the writer left 
America and Canada deeply impressed by the scientific 
attitude and tremendous keenness of American and 
Canadian engineers and contractors, to whom he was 
indebted for the eran of viewing their work. 

Amongst the earlier types of concrete pavement, the 
writer saw some good examples of ‘‘ Hassam”’ at Van- 
couver and New Westminster, B.C., and the road between 
these cities, some portions being laid on steep grades 
of 1 in 10. The Hassam pavement, as most road 
engineers are probably aware, is laid by spreading a rich 
cement mortar and embedding therein hard cubical road 
metal, forming virtually a cement concrete macadam. 
It has a moderately good appearance, gives fair foothold 
to horses, but is not so smooth for other vehicular traffic 
as the mixed concrete pavement. 

It seems to have had a considerable vogue in the 
past, but the writer did not find that any large areas 
were now being paved with it, and that is no doubt 
accounted for by the fact that patent pavements are 
often barred by municipal ordinance and that it is more 
expensive to lay than the other types. 

Another form was the pavement laid in the ordinary 
way but grooved with steel tods to give foothold and 
probably to imitate the grooved brick pavements. 
Personally, the writer did not care for it and could 
not recommend it, except possibly for very steep streets. 

The first concrete road in process of construction 
the writer saw was at Seattle, Washington, where Leary- 
avenue, a thoroughfare forming one of the main roads 
leading out of the city, was being paved on one side of 
the tramway track with concrete. The strip was 18 ft. 
wide and 8 in. thick, and the proportions used 1 of 
cement, 2 of sand, and 34 of gravel, the latter consisting 
of all grades of material from 3 in. to } in. gauge, and the 
sand from } in. down. 

The work was being done by contract at a price of 
$2-63 (10s. 114d.) _ square yard, exclusive of kerbing 
and sub-grading but inclusive of heavy temporary 
timber ribbons or kerbs. The mixing was by machine, 
a 16 cub. ft. Koehring self-propelled gasoline driven 
mixer being used; it was tamped by a heavy wooden 
template operated parallel to the longitudinal axis of 
the street, then trowelled with wooden floats 3 ft. long, 
and finished with a roller 4 ft. long and 8 in. in diameter, 
weighing approximately 70 Ib. It was kept sprinkled 
for 30 days and closed for 60 days. The rate of progress 
per full working day was 300 lineal ft., or 600 sq. yards, 
the concrete gang consisting of 23 men and foreman, 
two inspectors being also employed. 

Labourers were paid $4-50 (18s. 9d.) per day, con- 
creters $5-00 (20s. 10d.), finishers $5-50 (22s. 11d.), 
sand and gravel cost $1-75 (7s. 34d.) per cubic yard 
at pit, and cement $2-70 (lls. 3d.) per barrel of 384 Ib., 
or 65s. 7d. per ton. 

It may be interesting to note that Seattle had 9-19 
miles of concrete streets out of a total of 285 miles more 
or less permanently paved, and the City Engineer (Mr. 
Dimock) was not prepared to express any definite opinion 
on the merits of concrete paving for city streets, but 
stated he could recommend brick pavements, and especi- 
ally the monolithic type, that is to say, laid directly on 
concrete without a sand cushion and flushed with cement 
mortar grout, and for residential streets on flat grades 
bituminous pavements. 

The county authorities, on the other hand, greatly 
favoured concrete pavement for main highways, and 
at the end of 1918 had laid 36-65 miles out of a total of 
108-26 miles of paved, bituminous or macadamised 
streets in King County, and had started on large exten- 
sions in April. There the mix was 1 cement, 2 sand and 
3 gravel, and the cost in place for a pavement 6 in. thick 
at sides and 7 in. at the crown was $2-25 (9s. 44d.) per 
square yard. The first concrete pavements were laid 
in 1914, of a length of 6-35 miles, and were satisfactorily 
carrying county traffic of all descriptions. 

The concrete pavements in Portland, Oregon, San 
Francisco and other Bay cities, Los Angeles and San 
Diego, do not call for ial mention, but on the other 
hand the work of the Californian Highway Commission 
is of very considerable interest. This Commission com- 

do ions in the summer of 1912, and up to 





ot peed pam one J studied was that of street pav t 
and making generally. He left New Zealand in 
March last and travelled via Suva and Honolulu to 








June, 1918, had built or surfaced nearly 1,100 miles of 
highway and had taken over 166 miles of surfaced high- 








Nov. 28, 1919.] 


ENGINEERING. 


737 








ways built by counties, all of which latter was either 
oiled or bituminous macadam, and of the amount actually 
surfaced, 1,008 miles were of cement concrete, 528 miles 
being protected with a thin (jin. or } in.) bituminous top 
and 480 miles not so protected. 

The protected type of concrete pavement may be 
called the ‘“‘ Standard” of the Commission. It consists 
of a base generally 15 ft. in width and of a minimum 
thickness of 4 in., but these dimensions were being 
exceeded when the writer was in California. 

The mix used is 1 of cement, 2 of fine and 4 of course 
aggregate, and the aggregates used are sand, gravel and 
crushed rock, varying with the locality. The mixing 
is done by machine, enough water being used to produce 
a jelly-like consistency. It is tamped with heavy crown 
grade templates shaped to fit the camber of the road, 
which are worked along 4 in. by 2 in. longitudinal ribbons 
or kerbs, it is then cross rolled with a 10 in. diameter 
roller, 5 ft. in length, and smoothed with a thin wooden 
slab operated from the side of the road. Steel reinforce- 
ment is used where special sub-grade conditions make 
it necessary. 

The practice of placing. some elastic filler between 
joints was not being followed, although it had been 
customary to make them at the end of every day’s or 
half-day’s run, say every 300 ft. or 150 ft. 

The concrete is “‘ cured” by sprinkling during the first 
24 hours and then by forming ponds of water, over the 
surface for another ten days, and it is protected from 
the traffic for one month after laying. 

The thin bituminous wearing surface is formed by 
applying road oil, containing approximately 90 per 
cent. of 80 deg. penetration asphalt, heated to a tem- 
perature of 250 deg. Fahr. to 500 deg. Fahr. through a 
pressure distributor at the rate of one fourth of a gallon 
(U.S.A.) per square yard, and immediately covering this 
with a layer of mineral aggregate either crushed rock 
screenings or fine gravel of a maximum diameter of 
4 in. and a minimum diameter of about } in. This is 
followed by a second application of oil and screenings 
at a short interval and then the traffic is allowed to 
effect the necessary forcing of the screenings into the 
oil. A light rolling is considered an advantage but not 
a necessity. 

The writer travelled over many miles of this pavement 
and also over unprotected concrete. The former had 
generally the better appearance, although the plain 
concrete gets covered with a thin film of oil droppings 
from the thousands of motors* passing over it which 
renders its surface very dark. 

Mr. A. B. Fletcher, Highways Engineer, in his first 
biennial report dated December, 1918, says, ‘‘ The oldest 
thin bituminous surfacing laid by the Californian High- 
way Commission has been under traffic for more than 
five years on the main San Joaquin Valley Highway just 
north of Fresno. This surfacing has in this length of 
time required little attention, and to-day, while it 
ey its age, it still has a year or two more of useful 
ife. 

Detroit and Wayne County, Michigan, provide inter- 
esting comparisons. The former has brought sheet 
asphalt pavements on concrete foundations to a high 
standard and is steadily concentrating on that type 
of pavement, while Wayne County, of which Detroit 
is the population centre, claims to be the pioneer in 
concrete highway construction and is steadily pursuing 
the policy of building concrete roads to-day. It started 
over 10 years ago and to-day has 170 miles, and the 
writer can testify to the excellent condition of many 
of the roads, in spite of the heavy traffic to which they 
are subjected. He travelled over a section of Grand 
River-road which was widened in June, 1916, from 16 ft. 
to 20 ft. and resurfaced with 3 in. of reinforced concrete, 
and found that the ‘‘experiment’’ as the Board of 
County Road Commissioners called it, had been successful, 
and also that the more recently constructed roads gave 
exceptionally smooth running, even at speeds of 50 m.p.h. 

The particular features of the Wayne County roads 
are the increased thickness of concrete, 7 in. at the 
channel and 9} in. at the crown, the adoption of two 
course or better put “‘ two mix”’ construction in place 
of one course, the use of belts for finishing the surface 
of the concrete, and the placing of transverse joints 
4 in. in thickness every 25 ft. apart, filled with tar 
composition filler. 

The first is rendered necessary by the heavy loads 
the pavements have to carry, the second to secure 
the use of richer mix and of a very hard stone for the 
aggregate in the wearing surface, which is made 3 in. 
thick, the third is carried out by working a canvas belt 
12 in. wide with a crosswise movement while slowly 
moving forward, and following this up with another belt 
8 in. wide and kept at an angle of 75 deg. with the line 
of pavement and worked in a similar manner to the first, 
and the fourth is done because the Commissioners, while 
deeming the elimination of joints desirable, do not think 
that it would prove successful. 

In the city of Milwaukee there is barely a mile of con- 
crete paving, but in the county there are some excellent 
concrete roads, the length being stated as 125 miles. 
The writer saw two jobs in course of construction, the 
average thickness of paving being 7} in., and the width 
16 ft., and the work one course with joints filled with 
tar composition. 

On one of the jobs 16 men, 1 foreman and an inspector 
were employed, and a 16 cub. ft. Koehring self-propelled 





* Only those who have seen this motor car traffic can 
form an idea of its intensity, for California registered 
in 1918, 407,761 motor cars or 1 to every 7 of its popu- 
lation or 6-6 miles of its public rural roads, and in the 
neighbourhood of the large cities and towns there is 
& long procession of motor cars on the highways, more 
especially at week-ends, 








mixer, and the rate of progress was 250 ft. per day, and 
the contract price $1-88 (7s. 10d.) per square yard. 

In the State of Virginia the writer was shown by the 
courtesy of the Engineers of the Federal Government 
Bureau of Public Roads a concrete road constructed 
to Fort Humphreys, some 20 miles from Washington. 
This stretch of road proved interesting because com- 
plaints had been received of buckling taking place and 
the visit was to investigate these. merally the road 
was found to be in good condition but buckling had taken 
place at a few of the joints, resulting in fracture of the 
concrete in some instances, and it offered evidence of 
the movement that takes place through expansion and 
contraction of concrete slabs in a climate where there is 
@ great range of temperature. The writer had experi- 
enced this movement in other concrete structures he had 
designed and constructed, but not in concrete paving. 

Delaware State Highway Commission is putting down 
extensive areas of concrete roads under Mr. & H. Upham, 
Chief Engineer. 

Through the public spirit of Mr. Dupont and at his 
sole expense, a concrete roadway is being put down from 
end to end of the State near the river Delaware, while 
further inland the State Commission has planned and 
is now carrying out from the public funds a concrete 
highway which will ultimately stretch practically from 
one end of the State to the other. 

In this latter work the width adopted is 16 ft., the 
thickness 8 in. in the crown and 6 in. at the sides, giving 
2 in. camber on a flat subgrade. The side forms used are 
of stamped steel in the shape of a channel 6 in. deep 
2 in. wide with a return of } in. The mix consists of 
l cement, 2 sand, 4 stone and incorporated in the cement 
is 10 per cent. by volume of hydrated lime, which is 
added for its hygroscopic properties, the theory being, 
that by improving the workability of mortar and con- 
crete, it uces the free water necessary in direct pro- 
portion to the amount present in the mixture and further 
retains water for the later hydration of the cement, 
releasing this water slowly and off-setting the loss of 
evaporation or drying out. 

The method of finishing the surface of the concrete 
is by the use of a heavy steel channel template 10 in. 
deep, weighing 400 lb., followed by a roller 11 in. in 
diameter and 6 ft. long weighing 100 lb., and then by 
a 10 in. bow belt, or belt to which tension has been 
imparted by a timber or steel bow. 

Sun covers are used to protect it from the sun’s rays 
for the first day and then it is covered with earth and 
kept moist for another 14 days. The writer paid par- 
ticular attention to the organisation on two separate 
contracts. In both about 300 ft. of 16 ft. roadway was 
being done per day of 10 hours. 

In one the staff consisted of 27 men, exclusive of 8 men, 
ganger and boy setting side forms and shaping subgrade, 
while the plant comprised a 10-ton steam roller, a Koeh- 
ring material conveyor and loader and 18 cub. ft. self- 
propelled batch mixer. 

In the other the mixing of the material was done at the 
nearest railway depdt, loaded into boxes 3 ft. 9 in. long, 
by 3 ft. 6 in. deep, by 3 ft. wide, having hinged doors and 
sloping bottoms, placed two to a truck and conveyed 
on @ Koppel 2 ft. gauge in iustrial railway to the job, 
where the boxes were’ lifted by a pivot crane, attached 
to the mixer, and discharged into the mixing drum, 
which had a capacity equal to that of one box, viz., 
24 cub. ft. Seventeen men were employed on the 
concreting, 8 men and a ganger on subgrading, 4 men 
on the railway track, 3 locomotive drivers, and 6 men 
on the railway depét, and the plant in addition to a Foote 
steam-driven mixer, included 3 Plymont gas engine loco- 
motives, 1 stiff-legged derrick and } yard steam clam 
shell bucket hoist. 

Good work was being done on each job, and there, 
as elsewhere, great confidence was expressed in concrete 
for pavements, although an important highway between 
Wilmington and Philadelphia was being paved with 
brick pavement on a concrete foundation for the State 
Highway Department. 

The above notes, while they do not exhaust the 
subject from the writer’s standpoint, give a very fair idea 
of American practice in connection with concrete pave- 
ments, which are being developed at a tremendous rate. 
In April last it was estimated that there were approxi- 
mately 113,600,000 sq. yards of pavement in the country 
or 10,755 miles of a width of 18 ft., and everywhere these 
are being added to enormously during the present 
year. 

In summing up the writer expresses the hope that 
he has advanced sufficient evidence to justify all those 
interested in the improvement of city, urban, and rural 
streets, in giving concrete a very important place in their 
consideration, when selecting a material for the surfacing 
of roads carrying continuous and heavy traffic. 

Other things being equal, price will always be a deter- 
mining factor, and in this connection concrete must 
be a powerful competitor with other forms of pavement. 

The objections urged to its use, such as the long period 
required for setting and consequent diversion of traffic 
and the difficulty of effecting repairs, can be overcome 
if intelligently approached, and the advantages it possesses 
are 80 pe rv that it can safely be predicted that it has 
comé to stay as an important factor in providing those 
facilities for traffic which the recent application of 
mechanically propelled traction have rendered absolutely 
necessary. 

At the same time the writer would emphasise the 
necessity of definite limits being placed on the character 
of and the axle loads carried by mechanically operated 
or horse drawn wagons, for it is futile to imagine that 
a highway can carry excessive axle loads and undergo 
destructive treatment from unsuitable tyres, with 
impunity. As in all other engineering construction, 
the load should be defined and the work to be per 





formed specified before a pavement can be adequately 
designed to meet the stresses of future traffic, and in the 
interests of all road users and of the public who find the 
money to make and maintain such roads, excessive loads, 
high speeds and itable tyres should be prohibited, 
and a proper standard agreed upon and adhered to. 

In conclusion the writer has to thank the Committee 
of the County Councils Association for the opportunity 
of presenting this paper, and to express his obligation 
to those who in the United States and Canada have facili- 
tated the obtaining of information on the subject dealt 
with, 








ASPHALTIC MACADAM (BITUMINOUS) 
ROADS, AND THEIR EXTENDED USE. 


By H. T. Waxetam, M.Inst.C.E., F.G.5., 
Engineer for Middlesex. 

TxeE writer desires it to be understood, at the outset, 
that the term “asphaltic macadam,”’ which forms the 
subject-matter of this paper, implies that the material 
covered by the term consists either of (1) pure asphalt, 
(2) native bitumen, or (3) material obtained artificially 
from asphaltic mineral oils, and used for the wearing 
surfaces of roadways. (Pitch and tar compounds are 
entirely outside the questions, and materials, referred 
to in the following remarks. ) 

With this introduction the writer would state that 
before the advent of the motor omnibus, and other heavy 
mechanically-propelled vehicles, asphalt paving, in this 
country was, practically, confined to the use of com- 

natural rock asphalt, laid on foundations of 
Portland cement-concrete, in a manner similar to that. 
adopted in Continental countries such as France, Italy 
and Germany, whence mineral rock asphalt is imported 
to the United Kingdom. Rock asphalt laid on concrete, 
in the form of a “ mastic” was also to some extent 
employed, and spasmodic experiments proceeded, from 
time to time, on the lines of the American practice, 
with ‘‘synthetic” asphalt, which is produced by a 
mechanical incorporation of natural bitumen (such as 
that obtained from Lake Trinidad) with aggregates of 
sand and broken granite. 

The above briefly sets out the position of the asphaltic 
paving industry in this country until the important 
development of mechanically-propelled traffic, which 
development necessitated a rapid change in the systems 
of road construction, and maintenance, commonly 

ractised up to that time. The demands brought about 
By this traffic, for smooth and dustless roads, led to 
experiments of many kinds being carried out with 
different surfacing materials, and many of the best known 
engineers of Great Britain quickly endeavoured to meet 
the pressing necessity for the radical changes required 
in road administration. The said changes became 
imperatively necessary, to meet the quickly-growin 
needs which presented themselves, as the consequentia 
result of the activities and inventive genius of the motor 
engineer, and the new kind of traffic which followed in his 
train. Progress, after many trials to secure a suitable 
surface to meet the said traffic changes, has been most 
marked, and the writer believes it is now generally 
acknowledged that one of the best solutions of the 
difficulty, in finding a suitable road surfacing material, 
to meet the exigencies of ical road transport, has 
been obtained by the use of “ asphaltic macadam.” 

The experience of the writer of the virtues and 
wearing qualities of this material, leads him to think that, 
for. roads on which the traffic necessitates a good hard 
material, of an impervious nature, and sufficient to 
withstand, to an eminent degree, the wear and stress of 
a continuous user of motor omnibuses, with other heavy 
traffic, one of the best things is “ asphaltic macadam "’ 
laid in situ. This material, judging from results already 
obtained, will give a life of ten or twelve years under 
heavy traffic conditions. 

Natural mineral rock asphalt, laid to a thickness of 
not less than 2 in., on a 9-in. Portland cement-concrete 
(reinforced) bed, is, admittedly the most durable form 
of asphalt paving, but as the initial cost of this form of 
construction is high, and especially so under existing 
prices of labour and materials, it is practically impossible 
to use it on all roads, and local conditions in many cases 
would not warrant its adoption. 

The term “asphalt” in this paper covers only the 
natural rock which is imported to this country from 
mines at Seyssell, Gard, Levagny, Mons, Haute Savoie, 
Val de Travers, Neufchatel, Lucerne and Vor Wohles. 
There are also natural mineral rock asphalts in Spain, 
Greece and Russia. The chief constituents of the 
material are bitumen, calcium carbonate, magnesium 
carbonate, sand end sulphur. 

Its use for roadwork is traceable, in Continental and 
other countries, to the seventeenth century. Asphalt 
mines are worked practically on the lines of ordinary 
quarrying carried out in this country. 

In contradistinction ‘ asphaltic macadam ”’ is usually 
an artificial composition of native bitumen, sand (aggre-. 
gates) and cement. The bitumen used in its production 
is chiefly obtained from the Isle of Tinidad. There are 
two sources of supply, namely, the Lake of Trinidad, 
and the land area, of very many acres, which has been 
covered by overflows from the lake. The material is 
supposed to be a resultant deposit, caused by voleanic 
effects, of which there is an estimated minimum of some 
9,000,000 tons available. 

Rock asphalt is a mineral pure and oe oe and used in 
its almost natural state; whilst ‘‘ asphaltic macadam,” 
as will be gathered from the above, is obtained by an 
admixture of difierent materials, and does not possess 
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* Paper read before the County Councils Association, 
at the Roads and Transport Congress, Friday, 
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a “a ae : 
the same wear-resisting qualities, or the length of life, 
under traffic and climatic conditions, as those obtained 
from natural ‘ asphalt.” 

C¥nsideration of the monetary aspect, which is such 
an important factor in producing roads with surfaces 
sufficiently smooth and hard-wearing to resist, in 

articular, the impact and stress of motor omnibuses, 
ed the writer to look around to see if there was a pro- 


prietary article, which would answer the requirements | 


of jmechanically-propelled vehicles, at a cost com- 


mengurate with the life of the material, and which of the tender by the County Council, but the contractor 
‘ : ; | shall take into consideration any deterioration of the 
far back as 1906, the writer submitted a paper, | old road surface which may take place during the time 


would be suitable for road users. 
on *t. Tar Painting of Metalled Road Surfaces,” for 
discussion at the annual meeting of the Institution of 
Municipal and County Engineers, held in London, 
and gave therein the results of his experiments, in this 
connection, which had extended over three or four years 
previously to that date. The writer wae one of the first, 
if not the first, to tar-paint road surfaces in this country, 
and since 1906, when his remarks, on the value of tar- 
painting for road surfaces, were somewhat sceptically 
received, it has come into general use, and is now 
recognised as a valuable factor in connection with the 
upkeep of roads. 

It has been found, however, that metalled surfaces, 
even when annually tar-painted, are not sufficiently strong 
to resist the wear and tear of mechanically-propelled 
vehicles. Metalled roads, tar-painted each year, have 
much in their favour and, especially so, where the traffic 
is light, and railway facilities are difficult in sparsely- 
populated areas. In many districts, however, this 
material does not fulfil the requirements of present-day 
traffic, and, owing to this, the writer was led, with many 
others, to experiment with different kinds of materials 
to secure, if possible, at a reasonable cost, something 
of an artificial nature which would prove equal to the 
exiguous requirements of the rapidly-developing 
mechanical traffic. 

To this end experiments were carried out by the writer 
in the spring of 1907, on one of the most important main 
roads leading out of London, when selected (continuous) 
sections of the road, of equal lengths, were resurfaced 
with the following materials, viz. :— 

1. Tarmac. 

2. Tarred Clee Hill granite—2-in. gauge, mixed with 
1 in. to } in. tarred limestone—consolidated to a depth 
of 4 in. and tar-painted. 

8. Tarred limestone—2 in. to 1 in. material—con- 
solidated to a thickness of 4 in. and tar-painted. 

4. Tarred flints, 2} in. gauge, with | in. to § in. tarred 
limestone and tar-painted. 

The materials laid on Sections 3 and 4 had a com- 
yaratively short life, and were quite unsatisfactory for 
leas traffic, whilst Sections 1 and 2 gave better results, 
but in their turn they were removed and “ asphaltic 
macadam ” laid in their place. The latter has proved 
satisfactory, both from a point of resultant wear and 
tear, and from the fact that there has been a saving of 
2271. per annum in the expenditures on scavenging and 
watering since the asphaltic material was laid on the 
road. This, with other obvious advantages, points to 
the conclusion that a large extension of asphaltic work, 
under certain traffic conditions, may well be looked for. 
The said materials are impervious, and withstand, to a 
great degree, the impact and stress of motor omnibus 
traffic. There are no traces of the effect of the “* suction ” 
set up by the use of “twin’’ rubber tyres, which tends 
so much to the destruction of ordinary metalled road 
surfaces by omnibuses, and other mechanically-propelled 
vehicles. 

Asphaltic materials are easily cleansed, and there is 
no absorption of animal urine, or open joints, or inter- 
stices, in which excrementitious matter may accumulate 
and decompose, to get blown about to the detriment 
of the public health. 

As stated above the materials experimented with were 
removed, and a length of about 5 miles of road surface 
was covered with asphaltic macadam in about 11 weeks. 

The work was carried out by two well-known firms, 
who guaranteed it for a period of ten years. The initial 
(pre-war) cost was 8s. per square yard, plus a main- 
tenance charge of 2s. 3d. spread over the ten years period. 

The analysis of the surfacing work carried out (on a 
Mendip limestone base) wes as follows :— 

Per Cent. 
11-50 
16-30 
13-40 

7°50 
90 
-00 
2-70 
+30 
2-40 
“00 


Bitumen (soluble) C.S.o 
Passing 200 mesh . 
Passing 100 mesh 
Passing 80 mesh 
Passing 50 mesh 
Passing 40 mesh 
Passing 30 mesh 
Passing 20 mesh 
Passing 10 mesh 
Retained 10 mesh 


100-00 


The base on which the surfacing work was laid con- 
sisted of a bed of graded Mendip limestone, mixed with 
bituminous material, covered with asphaltic macadam, 
as a wearing coat, to a finished thickness of 1} in., the old 
road surface being properly prepared to receive it. 
The contracts were carried out in June, July and August, 
1913. Since that time very little money indeed has been 
expended on the road in the way of repair, and, judging 
from appearances, the life of the work will be well over 
the ten years’ guaranteed maintenance period. 

The following specification by the writer formed the 
basis on which the contracts were let :— 

1. The contractor shall lightly searify the existing road 
surface and reform, steam roll, and consolidate the 
same to the contour required for the new surfacing. 
He shall also provide where required in this connection, 





new Clee Hill granite metalling to form a good sound 
surface for the reception of the asphaltic materials. 
The best of the old metalling excavated shall be well 
screened, and if considered suitable, used for filling up 
purposes. All surplus materials not required, and 
approved by the engineer for re-use, shall be carted 
away by, and at the expense of, the contractor, who shall 
provide the necessary tips for the same. 

2. Instructions to proceed with the work will be given 
as early as possible after the date of the acceptance 


which may elapse between the date of the said acceptance 
of tender and. the completion of his contract, and shall 
carry out at his own cost all necessary repairs to the 
length of road covered by his contract that may be 
required during the period. 

3. The contractor shall provide and lay, on the pre- 
pared surface, a bituminous pavement, consolidated to a 
depth of 4} in., in two layers, in the following manner. 

4. The bottom layer shall be composed of broken 
Mendip, or other approved limestone, varying from 3 in. 
to 1} in. in size, with the addition of suitable filling, 
cemented together with Trinidad Lake bituminous 
composition. 

5. The top layer shall be composed of silica of fine 
grade, Portland cement, and refined Trinidad Lake 
bitumen, as a cementing agent, all to approval. 

6. The materials comprising the surfacing shall be 
heated separately, after being weighed in definite 
quantities, and incorporated in a batch mixer, with the 
cementing agent. 

7. The resulting composition shall be delivered to the 
road in a hot condition, and laid to a contour not exceed- 
ing 1 in 36 to 1 in 40, to the specified thickness, and shall 
be compressed by suitable rollers. Cross-rolling, by a 
heavy hand roller, shall be carried out at the discretion 
of the engineer. 

8. The contractor will be required to maintain the 
whole of the bituminous surface for a period of ten 
years from the date of completion, and the remaining 
contingent work comprised in the contract for a period 
of twelve calendar months. 

9. Any side, or cross roads, interfered with, shall be 
excavated, reformed and graded, to accord with the 
levels of the new work along the main road, and shall 
be finished off with suitable materials. 

10. The contractor shall provide for contingencies a 
sum equal to 5 per cent. of the amount of his tender, 


The wearing coats laid on the clinker were composed of 
natural bitumen, sand and cement, as follows :— 


Per Cent. 
11-50 
16-30 
13-40 
7-50 
38-90 

4-00 

z-70 

2-30 

2-40 

1-00 


Bitumen (soluble) C.S.2 
Passing 200 mesh 
Passing 100 mesh 
Passing 80 mesh 
Passing 50 mesh 
Passing 40 mesh 
Passing 30 mesh 
Passing 20 mesh 
Passing 10 mesh 
Retained 10 mesh 


100 -00 

The writer has also experimented with a length of 
asphaltic macadam laid in one coat, on an old granite 
macadam surface. This experiment is being carefully 
watched, and notes taken with regard to it. 

For the purpose of the experiment, the old metalled 
road surface was lightly scarified, and adjusted to proper 
levels, and thoroughly steam-rolled to provide for a single 
coating of refuse clinker asphaltic macadam, which was 
prepared in the neighbourhood of the road on which the 
material was laid. 

The formula of the proceeding was as follows :— 


7-3 cub. ft. of fine clinker refuse residual about 
482 lb. in weight. 

68 lb. of Portland cement. 

65 lb. of }-in. Clee Hill granite chippings. 

65 lb. of fine clinker retained on }-in. screen and 
passing { in. 

155 lb. of Trinidad bitumen. 


Analysis. 

Per Cent. 
13-60 
18-00 

8-60 
4°65 
16-15 
4-30 
3-70 
5-40 
7-80 
17-80 


Bitumen (soluble) C.S.2 
Passing 200 mesh ° 
Passing 100 mesh 
Passing 80 mesh 
Passing 50 mesh 
Passing 40 mesh 
Passing 30 mesh 
Passing 20 mesh 
Passing 10 mesh 
Retained 10 mesh 


100-00 


Asphaltic macadam is now being so much used, and its 





such sum to be expended as the engineer may direct. 
Any portion of the amount remaining unspent, at the 
pe ova of the works, will be deducted from the 
contract when the final statement is prepared. | 

In 1914, another important main road leading out of | 
London was similarly dealt with. Both capital and 
maintenance costs, per square yard, were exactly similar | 
to the figures above quoted. | 

The company who carried out, and are maintaining, 
the work, have had no expense, to date, in connection 
with it, although the road during the war period was 
(and still is) subjected, both day and night, to an exceed- 
ingly heavy motor lorry traffic. 

The surfaces of the two roads treated are smooth and 
hard, and bar the inevitable waviness and corrugation, 
which is inherent to all kinds of roads under motor 
traction, the carriageways are in an exceedingly good | 
state—with one excepted short length. The latter is a 
section about 80 yards to 100 yards long upon which | 
the asphaltic macadam was laid, as an experiment, on 
a 6 to 1 Portland cement-concrete bed, 6 in. thick. | 
The writer was of the opinion, at the time, that asphaltic 
macadam, spread to a thickness of an inch only, on 
a hard rigid foundation (to which there could be no 
practical cohesion) would be bound to corrugate quickly 
and “‘rollup.’’ The result has fulfilled his expectations ! 
More money has since been expended on the short 
experimental length, referred to, than on the remaining 
length of the road, and it has recently been decided 
to remove the concrete and, in its place, to substitute 
a resilient bed of limestone, mixed with a bituminous 
material, and coated with asphaltic macadam, to accord 
with the remainder of the road. - 

With regard to the question of ‘‘ waviness and corru- 
gation’’ above referred to, much has been said, and 
written, from time to time on this important point, 
and many suggestions, of a theoretical kind, have been 
offered, and have been stated to be both a remedial 
and preventive measure, in regard to the trouble 
experienced in this connection. It has been suggested 
that corrugation is due (1) to bad steam rolling; (2) to 
faulty spreading of materials; (3) to the use of poor 
quality binding materials; (4) to inter-attrition; and 
(5) to the variations in the qualities of the materials used. 
The ordinary man in the street would, perhaps, accept 
any of these as the cause of corrugation, but to practical 
men, who are daily studying road questions, a solution 
of the matter is looked for in other directions. Previous 
to the advent of mechanical traction, as we know it 
to-day, roads were steam rolled, the same materials were 
employed, and their qualities were just as variable as 
they are now, but corrugations as now seen and ex- 
perienced, were practically unknown! Corrugations 
cannot, therefore, with impunity, be attributed to any 
of the above-named causes. To the mind of the writer 
the chief cause of corrugation is vibration combined with 
friction ! 

Since the contracts above referred to were carried out, 
the writer has carried out other road contracts of con- 
siderable magnitude, totalling many thousands of 

unds, in connection with which asphaltic materials 

ave formed the surfacings. In two or three of these 
contracts, selected clinker from a refuse destructor 


component parts and mixing are getting to be so well 
understood that it would be superfluous, to some extent, 
to give more details in regard to it in this paper. The 
chief essentials to success in its use are, primarily, the 
character of the bitumen used, and the density (i.e., 
freedom of voids) of the final mixture. If it were not 
for the extreme changeabilities of the English climate, 
it might be possible to adopt varying standards of 
asphaltic macadam for surfacing work in this country, 
but, as it is most essential to exercise the strictest care- 
fulness in all such operations, each road must be con- 
sidered in accordance with its requirements. Some 
standard compositions have been formed to withstand 
heavy traffic in the summer months, but they have failed 
completely in the more trying seasons of the year, and, 
especially so, during the severe climatic conditions which 
prevail in this country, from October to March, which 
have shown that the employment of low standards 
accounts greatly for the failures so frequently ex- 
perienced. This important factor should not be lost 
sight of by those who are wishful to secure satisfactory 
and lasting work. 

In actual practice it has been found that fine sharp 
sand, in proper proportions, is one of the best materials 
that can be used as an aggregate in connection with 
pure bitumen, for road surfacing. Its use has now been 
well established, but care must be exercised to obtain 
suitable distributions of the sand over a range of meshes 
—say one-tenth of an inch to a hundredth in size. 
Such a distribution should secure the requisite density. 
Sands which contain impalpable matter, clay or organic 
impurities, should be avoided. Clayey matter adheres 
to the coarser sand particles, during the process of heating 
and drying, with the result that the subsequent coatings 
of bitumen are much depreciated in value. Angular 
quartz sand has been proved to be the most suitable 
aggregate, but there are local sands in various parts of 
England, Ireland, Scotland and Wales, from which 
typical gradings may be obtained. 

With regard to the preparation of asphaltic macadam, 
it is important, and necessary, to obtain what is known 
as a suitable “filler.” The function of the latter is to 
increase the density of the bitumen covering the sand 
particles used, and to close the finest voids. For this 
purpose Portland cement has proved itself to be the most 
effectual material, owing probably, to its inertness in 
combination with bitumen, and its specific gravity. 
The “filler”? used in asphaltic compounds forms a 
great desideratum in connection with the life of the 
material, under traffic conditions, and its qualities 
call for the most careful consideration. 

In departing from the time-honoured use of water- 
bound macadam (tar-painted each year) for which 
material there is still, and undoubtedly will be for many 
years, a great call, it is reasonable to consider the most 
suitable thing to adopt in order to meet and resist, 
the abrasions, stress and attrition of modern traffic. 
The latter is bound to increase on mechanical principles, 
and it is useful to consider in what way, and with what 
material, the more important roads of the country are 
to be maintained. The writer has given this matter 
much attention and has outlined herein his own pro- 





formed the bottom beds in place of limestone. 


cedure, and experiments in regard to “asphaltic 
macadam.” 





